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FOREWORD

This is the twenty-second in a series of monthly progress reports submitted

in partial fulfillment of Purchase Order M3JTXA-4O6014, NAA S&ID.

-
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I. INTRODUCTION

Authorization to proceed on the Apollo Service Module Rocket Engine Program
was received from North American Aviation, Inc., Space and Information Systems
Division on 9 April 1962. The formal notice of contract award for Letter Contract
M2HU3X-L0601k, dated 30 April 1962, followed this authorization. The definitive
contract, Purchase Order M3J7XA-LO6014, was executed on 18 February 196k,

II. ENGINEERING
A, THRUST CHAMBER

1. Full-Scale Ablative Chamber

a. Chambers with a 1.5:1 Exit Area Ratio

During this report period three lightweight edgegrain and
one lightweight cloth chamber
tabulated below:

were tested. The test data for these chambers are

Chamber Type Throat Area

Test Type and

and SN Duration Increase, % Remarks
Lightweight P, Survey, five 4,35 The chamber was first tested
Edgegrain 5-sec runs, modi- with injector SN AFF-58,
fied incremental pattern POUL 31-10 for five™
A-15 duty cycle 5-sec tests. A second test
was conducted using injector
9LT7.9 sec SN AFF-2T7, pattern POUL 31-39

Page 1

for a P, survey. The third
test was a modified incre-
mental duration using injector
SN AFF-28 and pattern POUL 31-
47. The chamber is in good
condition, and a char analysis
is being conducted.



II, A, Thrust Chamber (cont.)

Chamber Type

Test Type and

and SN Duration
Lightweight Mission Duty
Edgegrain Cycle
A-16 458 sec
Lightweight Injector
Edgegrain Checkout and
P. Survey
A-9
326.5 sec
Lightweight Modified
Cloth Incremental
Duration
750 sec

Report 3865-01-22

Throat Area
Increase, %

Remarks

2.3

1.7

1.15

The chamber was tested with
a 6-4-2 baffled injector, SN
0000016, pattern POUL L41-21,
The test was stopped because
of intermittent fluctuations
in chamber pressure. The
chamber had slight gouges at
the baffle ends with a weak
char structure over the major
portion of the chamber I,D,
with slight "chuffing."

The chamber was tested for an
injector checkout with injector
SN AFF-32, pattern POUL 31-39.
There was no evidence of
streaking, gouging, or "chuffing."
Two coats of lacquer were
applied to the charred surface.
The chamber was then cleaned
per AGC Specification 46350,
Level H, and subjected to a P,
survey test using injector SN
AFF-32 with pattern POUL 31-43.
There were no streaks or gouges
and only slight "chuffing" was
discernable at approximately 5
in. forward of the throat.

The chamber was tested with a
5-4-4 baffled injector, SN
000009, pattern POUL 41-22.
The chamber was in good condi-
tion with no streaking or
gouging. The char analysis is
in process.

b. Chambers with a 6:1 Area Ratio

Data for the lightweight cloth 6:1 exit area ratio chamber

that failed during & mission duty cycle at AEDC is being compiled. A failure

analysis is in process,
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II, A, Thrust Chamber (cont.)

c. Fabrication

Because of the recurrent burnthrough of cloth chambers
subjected to the Apollo mission duty cycle, the chamber design has been modified
to incorporate a new liner thickness, Authorization for fabrication has been
issued for twelve 1.5:1 exit area ratio chambers with the new wall thickness; nine
chambers will be used for prequalification testing, and three chambers will be

used for the dynamically stable injector program.

A total of sixty-one 6:1 exit area ratio cloth chambers
have been ordered to meet the demands of the prequalification, qualification, and

deliverable chamber schedules.,
d. Workhorse Chamber

Fabrication has been completed on the first of the three
steel chambers for the dynamically stable injector program, and the chamber is

available for injector evaluation tests,
e, Chamber Proof and Leak Test

A lightweight cloth 6:1 exit area ratio chamber was tested
at the Aerojet-General Azusa facility to determine the radial deflection and the
flange rotation of the chamber while being subjected to static internal gas

pressurization.

Figure 1 is a photograph of the external instrumentation
(dial indicator gages) located on the chamber; Table 1 is a tabulation of the
dial indicator readings showing chamber deflection; and Figure 2 is a sketch of

the dial indicator locations.
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IT, A, Thrust Chamber {cont.)

The maximum radial deflection occurred at dial indicator

gage Location 11 (Figure 2) and was 0.030Lk in. at a pressure of 280 psig.

Tre maximum permanent deformation recorded following the
loading increment ot 28G psig was 0.0035 in., and was also recorded at gage
Location 11. The maximum rotation (clockwise) noted in the test setup (Figure 2)

was 0.00115 radians,
f. Correction of Ttem in Last Report
In Aerojet-General Report 3865-01-21, Page 5, it was
reported in error that a special proof-and-leak test procedure had been released.
Correctly, a single proocf-and-lezk test (as described above) was conducted by
structural materials personnel, using dial indicators and strain gages to detect
possitle dimensional changes in the chamber while being tested.

B. INJECIORS

L. iinbaffled Injectors

Testing, design effort, and data analysis with respect to solving
the 600-cps combustion frequency problem was continued during this report period.

Table 1 summarizes the 600-cps program activities to date.

Injector SN AFF-28 was modified with alternating film coolant
orifices (similar to pattern POUL 31-37) and increased pressure drop across the
pattern orifices. Steel chamber stability tests and chamber pressure (P,) surveys
with ablative chambers were conducted to investigate the effects of the modifica-
tions and the fregquency dependence on chamber pressure. The data analysis is
continuing but preliminary results indicate that the proposed solutions were not
completely effective in eliminating the present high amplitudes associated with

the 600-cps combustion frequency.

Page %
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II, B, Injectors (cont.)

Flow separators in the inlet headers and smaller diameter feed
tubes were added to injector SN AFF-29 with pattern POUL 31-44, The modification
objectives were oriented toward the elimination of any possible interaction of
flow disturbances and also toward increasing the injector pressure differential
that would increase the system's attenuation. These modifications, however, did

not solve the 600-cps problem,

Injector SN AFF-32 (pattern POUL 41-U43) was tested with the

)
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first Helmholt for testing to determine the actual suppression
qualities of the resonator during firing conditions. Two steel-chamber tests
showed that a frequency of 600-cps existed with high smplitude. The resonators

on the oxidizer and fuel system were stiffened, and a chamber pressure survey was
conducted from 75 to 120 psia. The resonators dampened pressure oscillations in
the range of 85 psia to 120 psia. There was 400 cps operation below 85 psia
chamber pressure, The fuel and oxidizer feed tubes were then braced onto the
distribution-pie segments. This modification was indicated to be necessary, based
on the test results of vibration laboratory testing of injector SN AFF-63. The
600-cps phenomenon was not eliminated with the addition of the distribution tube

braces,

Tests of the PONX-51-11 quadlet pattern with injector SN AFF-34
were unsatisfactory because of high frequency instability. Testing was discon-

tinued with this injector.

Injector SN AFF-32 was test-fired with monomethylhydrazine (MMH)
fuel. The resonator systems were adjusted to be nonfunctional during the tests.
The use of MMH as the fuel eliminated the amplified 600-cps oscillation in all
tests. The results were verified by successfully conducting both steel chamber

tests (5 tests of 5 sec each) and five ablative chamber tests (totaling 82 sec).

A complete discussion of the results and analyses of the total

600-cps frequency investigation is presented in Section II, K.
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II, B, Injectors (cont.)

2. Baffled Tnjectors

Design and investigation concerning the BF type injectors was

discontinued.

3. Dynemically Stable Injector Program

a, 6-4-2 Injector

The performsnce of the first injector (SN 0000016) after
the c* test series described in the last report has been determined to be 97.2%
theoretical c*, The injector pattern is POUL 41-21. The evaluation of the
injector was contirued bty conducting two 150 grain, nondirected pulse charge tests
and 5 ablative chamber compstibility tests. The induced pressure spike was 67 psi
above nominal chamber pressure, and recovery took place within 25 millisec (0.025).
Minor nicks were sustaired on the injector face and baffles because of the pulse
charge fragments, The five ztlative test firings totaled 458 sec. There were two
minor streaks in the throat area of the ablative chamber. The throat area increase

was 2% during the 458 sec of sblative testing.

Slight chamber pressure perturbations were noted on the
tests that followed the first pulse test. An intermanifold leak test determined
leakage to exist at the root of the face ring welds in areas where oxidizer orifices
had been drilled, Two unsuccessful attempts were made to repair-weld the leaking
areas, The current plans for the injector include a metallurgical analysis of all

weld joints for evaluation and determination of future welding techniques.

T-e second injector (SN 0O0001lT) is complete and will be
evaluated with c¥*, pulse, and compatibility tests during the next report period.
Leaksge of the type noted for injector SN 0000016 was also present with this
injector. Both injectors were drilled with the same orifice pattern. This condi-

tion was successfully corrected by vacuum impregnsting the leak areas with an

Fage €
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II, B, Injectors (cont.)

aluminum-lithium compound. The leakage problem is caused by a combination of

insufficient weld root penetration of the face ring welds and oxidizer orifices
that pass too close to the face-ring weld areas, Allowances have been made for
weld joint variances in future orifice patterns for all remaining injectors in

order to eliminate this leakage.

Eight additional injectors are in various stages of fabri-
cation and will be evaluated with c*, pulse, and compatibility tests as they become

available.

b. 5-4-4 Injector

The first two 5-4-4 injectors have been completed. The
first injector (SN 0000009) has successfully completed three steel chamber balance
tests, two pulse tests, and seven ablative chamber compatibility tests (totaling
752 sec). The injector was recovered from centrally mounted, 157 grain pulse
charges in less than 10 millisec. Pressure perturbations in excess of 200 psi were
measured, The injector-chamber compatibility tests were successful with only minor
streaking near the forward end of the chamber and a total area increase of 1.15%.
Additional testing will be conducted during the next report period to determine the

injector performance with pattern POUL L41-22,

The second injector, SN 0000006, has successfully completed
a balance test and has recovered from a 157 grain pulse charge. Pulse tests,
ablative chamber compatibility tests, and c¥ tests will also be conducted during
the next report period. This injector has a pattern identical to the first unit,
POUL b1-22,

Eight additional injectors are in various phases of fabri-
cation. Pattern selection has been made for three of these. Testing to evaluate
stability, compatibility, and performance will be conducted as the injectors

become available.
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II, Engineering (coa*.)

C. NQZZLE

1. General

Tooling for whe 4C:1 preyualification zozzle (in which the colum-
bium section extends to the LJ:1 sreas ratic point) is progressing satistfuctorily.
Eight segments of trhe hulge die have been cast, and preliminary machining has teen
accomplished. The eight segments will te bolted together =nd final-mzchined to

contour. Comple+tior is scheduled for the first week in June,

Application cf the rhenium to the copper buckup tooling to prevent
porosity previocisly encountered as = result of chrome-plating flaking appears to
be successful., Wnile efforts are teing made to reduce the cost of the rhenium

solution, = new method of chrome platiag is being used on the new copper tooling.

2. leak Check Test

L lezk test was performed on the thrust chamber-ncozzile extension
attachment joint. The volts weare toryued to the reguirements of AGC Specification
46659, Gaseous nitrogen of 5.0 psig was applied with no evidence of leakage.

The metsllic sesl that was used on the modified Je.design ualt wested at AELC was
examined microscopically, and there was no evidence of leskage in any of the areas
inspected. Emphasis was placed ovn examining the areas between the bolts. The
method of anslysis is checking the soft nickel plating on the sealing edge. It
can be determined nty the condition of this nickel whether or not the seal was
adeguately trogued initially and whether or not hot gas leaked Lty the seal. The
seal design has heen finalized, ‘This design will have s 0.010-in. total deflec-
tion snd will regulre 130 1b/in. loading. This loading requirement can easily be

met with the existing 48-bolt attachment technique.
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IT, C, Nozzle (cont.)

3. Materials

Columbium sheet fabrication by the Wah Chang Corporation, Albany,
Oregon, is becoming progressively more successful, ASTM grain sizes of 9 are
becoming typical, and mechanical properties have increased, with recent tests of
several production ingots yielding consistent results. Previously,grain sizes

for sheet stock were as low as ASTM k.

The ductile-to=brittle transition temperature of C-129 columbium
has been determined to be below ~320°F, Welding has been very successful with the
welds withstanding a 1/2 t bend in the as-welded condition. Figure 3 is a photo-
micrograph of a C-129 weld. The success of this weld is the fact that the black
spot, Yttrium oxide, holds the oxygen in solution. It can best be described as
grease in water, The existence of Yitrium in columbium improves weld ductility
because the Yttrium "grabs" all the oxygen and suspends it in the grain. Without
Yttrium, the oxygen will go to the grain boundaries and result in poor ductility.

Wah Chang has been successful in rolling columbium into coils as
opposed to previous methods of rolling each sheet to length, This, along with the

other processing techniques, has increased the yield and lowered columbium prices

considerably.
Tests have been completed and evaluated on the following weld
combinations:
C-103 Cb to A-110AT Titanium
Ultimate Yield Strength Location of
Temp, °F Load, lb Strength, psi 2% Offset psi FElong, % Failure
RT 981 61,000 16.4 C-103 PM¥
-320° 1745 109,000 k.6 C-103 PM
1800 65.5 5200 ——— A110AT PM
RT 1034 64,000 13 C-103 PM
-320° 1790 112,000 12 C-103 PM
1800° 58 4600 ——— A110AT PM
Page 9
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II, C, Nozzle (cont.)

Ultimate Yield Strength Location of
Temp, °F Load, 1v Strength, psi 2% Offset psl Elong, % Failure

C-103 to C-103

RT 65, 400 4k, kOO 19 PM
-320° 122,000 101,300 15 M
1800° 37,000 - ——— M

¢-10%3 to C-129

RT 58,500 43,300 9.3 Weld
-320° 120,000 103.5 4,2 Weld
180G ° 37,800 -- _—— Weld
*Parent Metal
IDENTIFICATION: C-103 10 af 1 Ti 0.5 Zr

c-129 10 Hf 10 W
A110AT 5 AL 2.5 Sn

A1l columbium was costed with NAA 85 aluminide. Results are
very encouraging as all columbium-tivanium welds appear very sound, with failures
ocecurring only in the pasrent metal. This weld combination resulted in good
elongation properties, The C-103 to C-103 welds are very sound and, while the
elengstion is lower than usual, it appears that the extension meter geave a notch
effect to the specimexn. Theoretically, the specimens should not have any markings.
The low elongation of the C-103 to C-129 was expected because of the tungsten
content in the C-129 which causes interalloying and holds the oxygen in the grain
bourndaries., The sddition of Yttrium appears to have eliminated this problem and

improved results should be obtained during the next report period.
4,  Coating
The vacuum retort for coating nozzle extensions is scheduled to
be lesk tested on 1 June. The unit will then be shipped to North American

Aviation, Inc., Los Angeles Division, for a dry run of the diffusion coating

process.
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II, C, Nozzle (cont,)

Results of the titanium emissivity coating evaluation indicated
that NAA S-31 has superior optical properties; and, of all the materials evaluated,
there were only two coatings, NAA S-31 and one other, that did not deteriorate or
change in structure. First run values on the NAA S-31 appear to be approximately
0.94, The other coating had a value of 0.85, but the vendor is no longer in
business. The 0.94% value corresponds with the value of another testing source.
This source is conducting extensive tests on both NAA S-31 and NAA 85. Typical
values for NAA 85 are 0.91. Final results should be available during the next

report period.

An attempt to locate a backup source for the diffusion coating
has not been successful. The only coating vendor to respond is the Pfaudler

Corporation, Rochester, New York.
The Pfaudler Corporation, whose product failed during the first
coating evaluation, resubmitted a new coating, a desilicide process. While the

final report on this coating is not complete, the following observations were made:

a. The coating greatly reduces the mechanical properties of

the columbium,

b. The process seems to be very inconsistent, with certain

areas of the columbium not being coated.

c. It is not possible to weld titanium to the coated columbium,

a basic design requirement.

4. The coating is very coarse, and it would not be possible to

seal the combustion gases at the chamber attachment point.

e, Money has been expended to build a vacuum retort that cannot

be utilized with this process.
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II, C, Nozzle (cont.)

P This process has never been applied on any practical hardware,
and the cost of the columbium nozzle does not allow for any unnecessary research

and development.

g. The process apparently requires g long cycle-time-at-

tempersture because of the grain growth.

All these problems lead to the conclusion that the NAA process is
the only one available that can meet the coating requirements of the Apollo service
module engine nozzle extension. A secondary advantage is that during heat treating
prior to coating, the NAA process effectively cures the welds of the nozzle exten-
sion and thereby eliminates an expensive heat-treat step which would ordinarily
have to be done. A preliminary test was run on NAA 85 coated columbium at 3000 °F,
Results were satisfactory. This coating can withstand 3500°F if the processing is
perfect, When accomplished, the substrait will be Cbso A15. As other columbium

compounds are formed, the effectiveness of the coating is reduced.
Figure 4 is s 750X photomicrograph of & section of columbium
fired at AEDC. The coating gsve full protection to the columbium. Figure 5 is
a photomicrograph of a columhium-titanium resistance seam-weld. Note the distinct
interface between the two metals.
D, GIMBAL AND THRUST MOUNT

1, Design

The upgrading of &ll thrust mount and gimbal ring drawings has

been completed,
Redesign of the injector actuator bracket is finished but awaiting

completion of & stress analysis. The gimbal-ring weight reduction redesign

effecting a material change from 0.20- to 0.150-in. thickness 1s completed.
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II, D, Gimbal and Thrust Mount (cont.)

The bearing assembly weight reduction redesign has been initiated and is in process.

Completion is scheduled for the end of May.
2. Fabrication
Fabrication of the six gimbal rings of the new design for the
prequalification phase of the service module engine program is proceeding on
schedule,

E, VALVES

1. Seals

a. Cage Seal

Detail drawings of the modified cage seal parts were com-
pleted and fabrication orders released. Incorporation of these new parts into top

assembly drawings will be completed by 20 May.

On the basis of test and assembly experience, the existing
cage seal has been modified by cutting back the outer seal leg. This will assure
that maximum sealing force is applied at the inner seal leg where sealing must
be effected. Future valves will be assembled with this cutback seal until the

fully modified seal configuration is available.

During this period, endurance testing of the basic cage
seal was limited. Approximately 5400 cycles have been run. At the last check
(5000 cycles), GNo leakage was recorded on 3 of the 8 ball seals. Two upstream
seals leaked 76 and T80 cc/hr at 240 psig respectively, and one downstream seal
leaked 768 cc/hr at 240 psig. The other seals showed zero leakage at all test

pressures from 2 to 240 psig.
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II, E, Valves (cont.)
b. Bellows Loaded Seal

Tetail drawings of the modified bellows loaded seal were
completed snd parts fabricated. Two sets of parts are being assembled. Testing

will be conducted during the next report period.
2. Actuator
a. Piston

A preliminary layout, with a resized closing piston to
balance opening and closing forces, has been completed. 1In conjunction with this
piston redesign, inclusion of static seals for the closing piston has been
accomplished. The piston diameter change is from 1.625 to 2.125 in., The static
sealing is accomplished by the use of standard O-rings. Several methods of static

seal retention are under consideration.
b Actuator Force

First tests of a prototype valve, including a return spring
in the actuator, show that the spring results in a slower opening and faster
closing response than that previously obtained. A test series, including response-
time tests and low-pressure functional tests, will be initiated 18 May. These
tests are expected to provide confirmation of operation at minimum interface

pressures.,
c. Electrical
A proposal was completed and submitted to NAA on the revised

electrical actuator concept. The concept submitted involves basically two flow

control sections (one fuel and one oxidizer) with a gearbox between the sections.

Page 1L
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II, E, Valves (cont.)

The sealed gearbox provides: (1) a mounting for four rotary electrical actuators;
(2) contains the gears for desired speed reduction; and (3) contains the position
indicating potentiometers. The proposal also included control systems for open-

or closed-loop functioning of the actuators.

Effort is continuing on this approach in the areas of design
criteria definition, analysis, and vendor liaison with respect to potential sub-

components,
d. Four-way Valve Control
A review of proposals was completed. Subsequent analysis
and discussion of the merits and costs of this approach in comparison to that of
existing systems resulted in suspension of activity on the four-way concept. No

further work on this concept is anticipated.

3. Pilot Valves

Test activity during this report period was concentrated primarily
on the Schulz valves. Both the two-way and three-way yalves satisfactorily com-
pleted an altitude test. Other component tests were directed toward isolation of
potential trouble areas. Tests on the two-way valve revealed two areas for further
investigation. One was uneven flow distribution from the two-way valve outlet,
Another was increasing pressure drop as a result of filter clogging and collapse.
These areas are being investigated to isolate causes and determine effects on main
propellant valve performance. The only problem encountered with the three-way
valve is a "chatter" condition experienced when the pilot valve dump lines are
interconnected. Further testing and analysis is required to define the magnitude
of this problem and whether it will be a factor during main propellant valve

operation,
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II, E, Valves (cont.)

Testing of other pilot valves was limited to analysis of failures
during fluid-resistance tests. The cause of leakage in the Consolidated Controls
valve was separation of main poppet seat seals from their normal seat location.

The cause of leeksge in the Hydraulic Research valve has not yet been satisfactorily
determined, and further investigation will be conducted during the next report

period.
F. GIMBAL ACTUATORS

1. Cadillac Gage Actuator Testing

During this period, Aerojet-General and NAA personnel conducted
tests of gimbal actuators at the Cadillac Gage Company (CGC). Testing was per-
formed to determine actuator transfer functions in order to redefine freguency-
and step-response curve limits. The test data has been analyzed, and a special
report is being prepared which covers these tests. Tests were completed on T May,

A brief summary of the test data analysis is given below.

2. Tests

Tne frequency response tests were performed with a constant-
voltage input sinewave-amplitude to give a 50 milliamp oscillation about a bias
of 100 milliamps*, In the step-response test, the steady-state current was in-

creased from 50 to 150 milliamps.

a. Current response to amplifier output voltage:

Ki
(I/)(s) = gm=1
e
Where: 6< Te€ 8 millisec

. 3
Ki = %%_ milliamps per volt

*A 50 ohm forcing resistence was used in series with the clutch coils.
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II, F, Gimbal Actuators (cont.)

b. Clutch torque response to current:

_ Kt (Tas + 1)
. (x /1)(s) = (Tos + 1)(Tos + 1)
Where: 20< Ty < 33 millisec

Ty is approximately 0.5T1, To is approximately 1 millisec
Kt = 0.03% to 0.045 in-1b/milliamp

| c. Force response to amplifier output voltage:
K; K (Tgs + 1)

(/) = e T TV (Ts + Dtpe 7 IESF = 2 8/ + 1)

Where:
d is less than 0.1
Kr = 3.10 to 3.95 lb/milliamp
W = 120 radians/sec, which is a function of the

actuator spring mass system and the spring rate
of the test fixture (primarily the test fixture
load cell)

3. Test Analysis

The test data will match the transfer functions given above closely

except:

a. In the torque-response-phase angle versus frequency curve,

about 5° phase lag must be added to the theoretical curve.

b. In the force response of phase angle versus frequency curve,

about 15° phase lag must be added to the theoretical curve.

c. About five millisec must be added to the theoretical force-

to-voltage response curve.
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II, F, Gimbal Actuators (cont.)
L.  Reports

Replies to NAA SEM's 130 and 132 were transmitted on 18 April,
It should be noted that the transfer functions given above are more correct than

those given in the SEM answers.

Another special report, with recommendations for curve limits,
will be published by the end of May. By this time Aerojet-General will have tested
and analyzed data on three more CGC actuators and determined the necessary test

equipment spring rsates.

5. LSI Actuators

On 1 May, LSI actuator Model 3180E, SN X103, falled during closed-
loop testing. The failure area was the actuator snubbing casting. This was the
same type actuator, tested under the same conditions, as the actuator that failed
in March 1964 (see Aerojet-General Report 3865-01-20).

The Model 3180E, SN XLO3 actuator was driving a load consisting
of an interia load of 250 slug-ft2 only. The actuator was inadvertently subjected
to a hard oversignal that drove the load into the actuator snubbing stops. It was
learned from Lear Seigler, Inc. (the manufacturer) that Models 3180E and 3180F
(SN's XLOl, XLO2, and XLO3) actuators have under-designed snubbing castings. The
design of the castings was corrected to take specified snubbing loads by the
addition of weld metal. This was done in Models 3180E-1 and 3180F-1 (SN XLOk4),
Models 3180F and 3180F (SN XLO4), and Models 3180G and 3180H.

Lear Seigler Models 3180E and 3180F (SN XLO2) actuators were
nearing completion of tests and were scheduled for use on engine assembly SN NF-1.
Because ot the snubbing casting failures of Models 3180E and 3180F (SN XIO3), it
has been decided to substitute Models 3180FE and 3180F (SN XI03) for the failed

actuator.
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IT, F, Gimbal Actuators (cont.)

A specific snubbing test was conducted on Model 3180H (SN XLO5)
on 7T and 8 May. The actuator successfully passed the ultimate loading of 250 slug-ft2
plus a bias load of 300 ft-1b (simulated engine thrust misalignment) with a hard
overstep signal to drive the load into the snubbing stops (-8.5° to +10.5° step).

In the future, every actuator will be subjected to this snubbing test.

Closed-loop testing on the four sets of actuators that are to be
delivered to NAA was completed on 4 May, and data reduction was completed on 6 May.
Currently, the data is being prepared for transmittal to NAA for review before ship-
ment of the actuators (as requested in NAA Ltr MA1-11-536). The disposition for

these actuators follows:

LSI Model 3180 G and H, Serial No. Usage
XLO1 NAA development engine, SN 0000006
XLo2 NAA development engine, SN Q000010
XLO6 NAA nonfireable engine, SN 0000002
(WF-2)
XLOoT NAA nonfireable engine, SN 0000001
(NF-1)

6. Actuator Clutch

On 25 April, while CGC was performing acceptance tests on actuator
PN 085469-1, SN 0000003 (which was to be shipped to Aerojet-General on 28 April),
a clutch failed in the actuator during frequency-response testing. This was the
fourth clutch failure experienced out of 26 clutches received from Force Limited
(FL), the manufacturer. Aerojet-General requested that CGC perform the equivalent
stall-load of 300-1b actuator-output for 10 min, with the actuator at an ambient
temperature of 140°F, in accordance with AGC Specification 11885B, Paragraph 3.4.17.
All clutches subjected to this test failed with the actuator at room temperature.
NAA and Aerojet-General engineering personnel conducted a design evaluation of the

clutch at CGC on 11 May. This evaluation revealed that the materials used in the
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clutch were temperature-limited in that the coil wire was Form Var coated (insula-
tion is good only to about 200°F); the epoxy potting compound was improperly cured;
and the low temperature solder was used to connect the coil lead wires to the brush
assembly. Work stoppages were issued at both FL and CGC until the clutch temperature

problem could be corrected, The present problem solution program is:

a. To assemble clutches using ML polyamide coated wire (good to

about 550° to F00°F) or ceramic coated wire if necessary.

b. Use epoxy potting compound which, with the proper curing
procedure, is good to about 600°F; or use mineral-filled potting compound, if

necessary.
c, Use TOO“F solder or silver-soldered lead connections.
d. Use a high-temperature Viton seal in place of the Buna-N seal.

Testing is being conducted at both CGC and FL. It should be noted
that these clutch failures are not catastrophic, because the actuator load can be
switched to the standby channel, TIn all cases of clutch failure except one, the
clutch became operable again after it cooled down. In the one failure exception,
the clutch seized at high temperature because of the use of improper cure procedures
for setting up the clutch coil potting compound. The present schedule of actuator
deliveries is being delayed because of this clutch problem. Actuator delivery is
dependent on the delivery of the special coated wire and the high-temperature
Vitron seals. Furthermore, in changing the wire, the coating thickness will change.
This creates another problem in that in order to obtain the required force gain,

a considerable amount of investigation is needed to establish the proper ampere-
turns, while still retaining the required coil resistance in accordance with the

value indicated in the actuator specification.
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G. PROPELLANT LINES

The qualification design of the propellant lines is complete, with

all drawings having been upgraded to the Level 2,

H. ELECTRICAL HARNESS

Fabrication of the prequalification (prototype) harnesses is progressing
satisfactorily. The first harness to be fabricated was diverted from the engine
assembly schedule to the test schedule. Two additional harness sets have been

fabricated, bringing the total to three sets during this report period.

Electrical harness testing at Space-Genersal Corporation was halted
for a three-week period following a failure of PN 090293 and PN 090294 harness
assemblies., A substitute harness of the same part number failed to pass inspection

and was returned to the vendor for evaluation and rework.

Electrical harness, PN TO4997 and TOSM30, the prequalification con-
figuration, is now being tested. The dielectric and insulation resistance tests
have been completed successfully.

I. GROUND SUPPORT EQUIPMENT (GSE) AND SPECIAL TEST EQUIPMENT

1. Ground Support Equipment (Deliverable)

a. Sling
One sling assembly was shipped with engine assembly SN

0000006 to WSMR. Three sling assemblies are complete and acceptance tested.

End item documentation is in process.
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II, I, Ground Support Equipment (GSE) and Special Test Equipment (cont.)
b. Nozzle Closure

Five closures are complete and have been accepted., At NAA
direction, these items are to be retained in a bonded storage area at Aerojet-

General for shipment with engine assemblies,
c. Nozzle Extension Leak Check Test Set

The development test using a stubby nozzle extension was
completed. There was no difficulty in maintaining pressure and no leakage to the
ablative chamber past the special seal, NAA acceptance tests for two units are

still required. The third unit is in fabrication.
a. Nozzle Plug

Seven units have been shipped. The eighth unit will be
shipped on schedule. The pressure limitation of 105 psig on the engine assembly
test is still valid. A design modification is in progress to eliminate the clamp
ring and substitute two hold-down clamps to be attached to the gimbal ring. This
change request will be submitted to NAA after analysis of the chamber failure

report, if still required.
e, Nozzle Extension Protective Closure and Installation Kit

One kit assembly has been development tested with the nozzle
extension scheduled for engine assembly SN NF-3. The skid and support assembly
checkout was satisfactory, but the protective closure required rework to shorten
the straps for tighter fit. This work is in process, and the first unit will be
acceptance tested and shipped to NAA without & nozzle extension. Three units are
complete in Azusa and will be used to ship completed nozzle extensions from
Precision Sheet Metal to Sacramento for final fitup and test. Delivery of these
units is dependent on the engine delivery schedule, because these items are shipping

units for the nozzle extension.
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IT, T, Ground Support Equipment (GSE) and Special Test Equipment (cont,)
f. Nozzle Extension Closure

Three units are complete, The functional test requirement
will delay shipment until a suitable nozzle extension is available to perform
the tests.

g. Thrust Chamber Assembly Alignment Equipment

A complete set of jigs for the first unit are in receiving
inspection. Initial inspection reports reflect several deviations. Final assembly
has been delayed until disposition of parts can be completed. Two sets of tele-

microscopes have been received and inspected.

h. Gimbal Actuator Locking Links

Four units at the vendor are held up pending release of the
design change to prevent rotation and vibration of the locking links during shipping
and firing. One unit will be fabricated on an expedited basis for use on engine
assembly SN 0000010. A complete design layout is being prepared for the prequali-
fication engine configuration for the last three units. This design will not have
the capability of providing the actuator mechanical null but will be capable of
securing the engine for test firing. The current stabilizer bars will be utilized
for shipment of the engine. A change request will be processed for transmittal to
NAA.

i. Low Pressure Plug

Fabrication of two items was initiated during this period.

Je Inertia Simulator

Fabrication of two items was initiated during this period.
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2. Special Test Equipment

8. General

All items of STE are complete or in final stages of fabri-
cation. There are requests in process to NAA for several additional ground support
equipment (GSE) and special test equipment (STE) items. These include a special
nozzle plug to fit inside the thrust chamber assembly, special test equipment for
radio frequency interference, and a cold gimbal fixture and & vibration fixture
for the engine assembly. These items are urgently needed for completion of

development and qualification tests required by contract.
b. Flow Calibration Unit

This item was successfully flow tested and proved capable
of performing the required tests of the engine propellant system, A complete
dchedule of flow and balance tests is in process on engine hardware for engineering

evaluation.
c, Moment of Inertia Simulator
This unit is still in fabrication., Final painting with

special heat resistant paint is required for completion. This unit is required

for gimbaling tests on deliverable and Sacramento development engines.

J. TESTING
1. Test Firing

During this report period, there were 78 firings conducted.

Results are given below by test series,
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II, J, Testing (cont.)
a. Pattern Performance Evaluation (c¥* Determination)

One injector (SN AFF-34, Pattern PONX-51-11) was fired for
c* determination. Two firings were made, both resulting in immediate CSM shut-

downs. DPostfire hardware inspection did not reveal any damage to the injector.
b. Injector/Chamber Compatibility

There were no test firings conducted in this series during

this report period.
c. Dynamically Stable Injector Pulse Tests

There were two pulse (bomb) tests conducted on injector
SN 0000016 (6-4-2 type). The thermally ignited 156.9 grain charges were mounted
approximately 6 in. below the center of the injector baffles. The peak pressure
perturbation resulting from one bomb ignition was approximately 67 psi above the
normal operating chamber pressure., During the second bomb test, heavy detonations
occurred periodically throughout the run, resulting in pressure spikes as high as

80 psi. Stability recovery took place within 25 millisec.

Injector SN 0000009 (5-4-4 type) was also fired during this
period, The test series consisted of three steel chamber firings followed by two
156.9 grain charge bomb tests for stability determination. Stability was recovered
within 40 millisec; however, the exact recovery times (as well as pressure peak

levels) are pending the completion of analysis of test results.
d. Dynamically Stable Injector/Chamber Compatibility Tests
Injector SN 0000016 (6-4-2 type) was test fired in a simu-
lated mission duty cycle firing sequence. After the first firing sequence of 90.7,

17.6, 7.6, and 7.8 sec, the chamber (PN 17705k-1, SN A-16) was examined and was in

very good condition.
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During the scheduled 400 sec firing, numerous P. perturbations
occurred. The amplitude and frequency of these disturbances increased as the run
progressed. After 334.5 sec of operation, the test was shut down because of the
severity of these perturbations. Postfire inspection revealed chamber gouges

adjacent to the injector baffle tips.

An intermanifold leak check performed on the injector revealed

intermanifold leakage.

A series of seven ablative chamber/injector compatibility
tests were conducted on injector SN 0000009 (5-4-U4 type). There were no signs of

excessive streaking, erosion, or gouging after a total of 752 sec.
e. Intermediate Frequency Investigation (600-cps)

Three injectors were test fired in this test series during
this report period. Both steel and ablative chambers were used to try to determine

the source of the 600-cps instability and then to effect its elimination.

Injector SN AFF-28 (pattern POUL 31-46) was test fired twice
with a stell chamber. During both tests, moderate to heavy 600-cps oscillations
occurred. Five additional tests were conducted using an ablative chamber (PN
177054-1, SN A-15). These tests included four 10-sec tests at nominal conditions
(during which 600-cps was very evident) followed by a P, survey in which P, was
gradually increased from 70 psia to 120 psia. Heavy 600-cps (+ 4 psi and above)
occurred only in the region between 90 and 105 psia P,., High frequency instrumen-

tation traces were obtained on all runs and are currently being analyzed.

Injector SN AFF-29 was modified by the addition of flow
separators in both propellant headers. The purpose of these flow separators was

to prevent interaction of any flow disturbance taking place in the feed tubes.
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In addition, the l-in., feed tubes were replaced with 3/h-in. lines, Moderate
(+ 3-4 psi), 600-cps oscillations occurred on all four subsequent steel-chamber

tests,

Injector SN AFF-32 (pattern POUL 31-43), as noted in the
previous report, was equipped with Helmholtz resonators, which were to dampen the
600-cps phenomenon. Heavy 600-cps P, oscillation occurred during the initial
tests, one test being shut down because of a CSM-GJjy trip. A P, survey was then
made to determine the resonate frequency of the resonator. Four hundred cps was

prevalent in the ranges below 80 psia P,.

Both fuel and oxidizer feed tubes were stiffened by the
addition of braces welded between the tubes and the pie-segmented sections., One

resonator was removed at this time,

The next series of six firings were somevwhat inconclusive as
intermediate fregquency oscillations occurred at random, with the resonator bleed

open, and consistently with the bleed closed.

At this point a decision was made to conduct a series of
firings with Monomethylhydrazine (MMH) replacing the AeroZINE 50 (A-50) as fuel,
A pre-MMH series of five steel chamber firings was made with the resonator bleeds
both open and closed for comparison with the intended MMH firings. Using A-50,
these runs indicated +3 to 4 psi, almost continuously regardless of the bleed

valve positioning.

The MMH~steel thrust chamber firings indicated less than
* 1 psi P, fluctuation on all tests regardless of resonator bleed valve positioning.
At the same nominal flow rates, the performance was almost identical with the A-50

tests,
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The steel chamber was replaced with ablative chamber
PN 177054-1, SN A-3, and five firings were made totaling approximately 82 sec.
P, indicated very slight (less than 1 psi) 600-cps oscillations throughout the

series.

The following is a data tabulation of the intermediate
frequency test series, including injector SN AFF-32 firings with MMH and A-50

utilizing both steel and ablative chambers.

Chamber . *
Run No. PN, SN Propellant Duration, sec Pc W+ MR Isp Cj
131 177054-1 A-50 .44 CSM-GJjy during start
A-3
132 177054-1 A-50 2.57 101.2 T71.46 1.995 192.5 5,536
A-3
133 177054-1 A-50 5.34 98.1 T70.25 2.056 192.3 5,459
A-3
134 177054-1 A-50 10.67 99.6 T0.32 2.098 190.8 5,525
A-3
135 177054-1 A-50 10.57 95.6 69.33 2.033 191.9 5,375
A-3
136 Steel A-50 5.49 101.3 T0.14 1.935 194.0 5,54k
137 Steel A-50 5.80 99.k 69.69 2.00k 193.0 5,476
138 Steel A-50 5.61 100.0 70.39 2.011 192.2 5,453
139 Steel A-50 5.62 100.5 T0.23 2.008 192.8 5,491
140 Steel A-50 6.36 98.1 T70.21 2.046 192.1 5,36h
ik Steel MMH 5.49 100.6 69.74 2.067 192.2 5,548
142 Steel MMH 5.78 99.5 68.98 2.035 192.3 5,546
143 Steel MMH 5.23 99.1 68.22 1.959 192.6 5,552
1k Steel MMH 5.34 99.0 68.80 1.983 192.1 5,534
145 Steel MMH 5.25 99.4 68.87 2.000 192.2 5,545
146 177054-1 MMH 10.65 98.4k 68.47 1.969 191.7 5,629
A-3
1h7 177054-1 MMH 10.52 99.2 69.25 1.945 191.2 5,605
A-3
148 177054-1 MVH 10.40 99.8 69.52 1.983 191.8 5,61k
A-3
149 177054-1 MMH 10.7h 100.6 69.83 1.966 192.9 5,633
A-3
150 17705k4-1 MMH 30.89 100.7 T70.10 1.988 192.6 5,629
A-3
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f. Prototype Determination

There were no tests conducted in this series during this

report period.

g. Deliverable Engine Acceptance Tests

There were no tests conducted in this series during this

report period.

h. Integrated Engine Components

Engine assembly SN 0000007 was test fired six times in this
report period. The major components which made up the engine are:

Injector, SN AFF-54 (pattern POUL 31-10)

Chamber, PN 177163-1, SN 0000018 (cloth)

Valve, SN 0000021 (preprototype configuration)

The first firing, a 10.9 sec checkout-balance firing resulted
in a 1.810 M,R, Postfire record inspection indicated that the inner flow circuit
of the valve assembly failed to open (apparently because of a malfunction in the
pilot valve assembly). The pilot valve operating the outer flow circuit mal-

functioned and dumped fuel overboard throughout the firing.

The next test was an abbreviated simulated mission duty
cycle sequence, The sequence consisted of 18.5, 8.2, 8.2, and 401.6 sec firings.
Pogtfire second inspection indicated that the same pilot valve malfunctioned;
however, the pilot valve that did operate did not leak or bypass fuel overboard

during the firings.

The engine was removed from the stand, and both pilot valves
were disassembled and thoroughly lubricated before the engine was reinstalled on

the test stand.
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During a subsequent functional test the valve failed to open
completely. The pilot valve affected was disassembled and it was discovered that
the piston sleeve had been inadvertently rotated 90°, thereby sealing off the
actuator dump port. This situation was corrected and the engine was reinstalled

on Test Stand C-1l.

The final engine firing in the report period was a balance
firing with approximately 40 sec of propellant in the tank system. This test was
a "blowdown" test in which the propellant tank regulators were "locked off" or
isolated from the system after initial pressurization. The purpose of the test was
to determine if the slow response of the regulators was the cause of the mixture
ratio excursions during previous runs. The results of the tests demonstrated
conclusively that this was true because mixture was maintained successfully. In

the future all acceptance tests will be conducted in this manner.
i. Deliverable Injector Acceptance Tests

Injector SN AFF-78 (pattern POUL 31-10) went through the
deliverable injector firing sequence twice. The first firing sequence resulted

in three gouges in the ablative chamber following the 30 sec compatibility firing.

The injector was returned to the hydrolab for pattern check
before being returned to the test area for a repeat firing sequence. The repeat
tests were meaningful, resulting in 96.5% of theoretical c* performance. The
30-sec ablative-chamber compatibility firing did not demonstrate any streaking

or gouging tendencies,
J. AEDC Testing, Tullahoma, Tennessee

There were no tests conducted in this series during this

report period.
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2. Component Testing

a. Evaluation Tests of Gimbal Bearing Assembly

Testing has been rescheduled to start in late May. Hardware

is expected to be available during that period.
b. Electrical Harness Assembly

Harness assemblies SN-14 and SN-1 failed to meet specification
requirements during the environmental test program. Excessive electrical leakage
was noted during the initial dielectric test. Visual inspection of each harness
revealed loose pins and uneven pin formations. A new set of harnesses, PN 704997
and PN 705430 (SN 0000007), was delivered to Space-General Corporation during the
week of U4 May for testing. Results from testing the third set of harnesses have

not yet been received.
c. Propellant Line Assembly

The reliability test program to evaluate the link-joints
and bellows section of the propellant lines is continuing. A total of 16 sets
of lines were submitted to cycling and flex tests until failure. Two sets have
completed over 500,000 cycles with no failure indications. Each unit was
pressurized to 165 + 2 psig with water during the tests. The test conditions

and test results are tabulated below.
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Angular
Displacement, Total
Unit Size, in. Degrees Cycles
1 3 +8-1/2 40,837
2 3 ¥ 8-1/2 22,216
3 3 + 8-1/2 30,347
L 3 ¥ 8-1/2 13,207
5 2 + 8-1/2 27,630
6 2 ¥ 8-1/2 19,879
T 2 + 8-1/2 54,230
8 2 ¥ 8-1/2 62,481
9 2 + 3-1/2 1,000,000 (plus)
10 2 ¥ 3-1/2 716,000 (plus)
11 3 + 3-1/2 1,000,000 (plus)
12 3 ¥ 3-1/2 500,000 (plus)
13 2 + 3-1/2 200,000 (plus)
1k 2 + 3-1/2 200,000 (plus)
15 3 + 3-1/2 200,000 (plus)
16 3 ¥ 3-1/2 200,000 (plus)
17 2 3-1/2 46,501
18 2 3-1/2 32,278
19 3 3-1/2 34,600
20 3 3-1/2 33,567
Burst Pressure Tests
Burst Pressure, psi
21 2 1900
22 2 1900
(10) 2 1900
23 3 1650
2k 3 1650
(12) 3 1100
NOTE: Water pressure was 165 + 2 pslg during tests.
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II, J, Testing (cont.)
a. Thrust Mount Assembly
(1) Static Structural Test

The static structural testing of the modified engine

takeout struts is scheduled to start 29 June and to be completed T July.
(2) Vibration Testing
Test fixture design has been completed, and the design
is being subjected to a stress analysis before final acceptance. Testing will
start during the latter part of July and will be completed two weeks after start,.
(3) Determination of Influence Coefficient
(a) Gimbal Ring Assembly
The revised test procedure to rerun these tests on
the modified gimbal ring has been completed. Hardware is now expected to be avail-
able in early June. Testing will be conducted during the period of 22 to 29 July.
(b) Engine Thrust Mount Assembly
This test program, which will be conducted on

the entire engine, is scheduled to be performed after completion of the vibration

test program (Section II,J,2,d,(2)).
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d. Investigation of Intermediate Frequency Combustion
Instability

Dynamics personnel are involved in two subtasks:

(1) The Design of Corrective Devices which will Eliminate
the Intermediate Frequency Combustion Instability

A Helmholtz resonator has been designed and fabricated
and 1s now being tested. The device is to be mounted on the fuel circuit only,
because the 1nitial stability analysis shows that the contribution of the oxidizer
circuit to the instability is small. A report is being written which will explain

the techniques used to design the acoustical filter.
(2) The Stability Analysis of the Engine-Feed System

An analytical model has been established which defines
the closed-loop system that is involved in the intermediate frequency combustion
instability. This model indicates the manner in which the feed system dynamics can
cause instability and allows the stabilizing influence of corrective devices to be

evaluated.

A digital computer program, which uses the equations
defining the open-loop gain of the system, is now in operation to determine the

stability of the system as a function of frequency.

e, Stability Analysis of the Engine~-Actuator Assemblies

The analytical representation of the Cadillac Gage gimbal
actuator assembly has been improved by the incorporation of experimental frequency
response data. Separate response tests have been performed on both the magnetic
clutches and the assembled actuator. The improved analytical response functions
will now be used in future stabllity analysis of the engine-gimbal actuator

assemblies.
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K. SPECTAL STUDIES
1. Dynamics

Activity in both analytical and experimental dynamic investi-

gations of the service module engine is given below:

a. Acquisition and Analysis of Vibration Data from
Full-Scale Test Firings at AEDC

A complete analysis of the vibration data obtained from
Test Firing J37B-03-0l has been completed. The data has been reduced by narrow
band filters and a spectral analyzer to determine the acceleration amplitudes and
frequencies during steady-state and transient engine operation. During the next
report period, a report will be issued which describes the shock and vibration

environment to which the engine is subjected during normal operation.

b. Analytical and Experimental Investigation of the Modes
of Vibration of the Nozzle Extension Skirt

No work was performed in this area of analytical investi-

gation during the report period.

C. Analytical and Experimental Investigation of the Modes
of Vibration of the Thrust Chamber Assembly

A 6x6 matrix of flexibility influence coefficients has been
computed by Aerojet-General structural analysis personnel. This matrix, which’
describes the flexibility characteristics of the thrust chamber support and gimbal
structure, and the mass matrix, which describes the mass and inertia properties
of the gimballed thrust chamber, are used as input to a computer program that will
yield the natural frequencies of the six-degree-of-freedom thrust chamber. The
rigid body dynamic characteristics will then be used to: (1) compare to the thrust

vector control system characteristics; and (2) perform dynamic loads analyses.
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f. The Experimental Definition of the Fatigue Life of the
Welded Titanium-Columbium Joint

The test program is continuing at General Dynamics Corporation,
Pomona. The initial phase of the test program, where samples were tested at room
temperature, has been completed. Testing at elevated temperature will begin during

the next report period.

2, Thermodynamics

a, Engine Performance

Work is progressing on the study for the re-evaluation of
performance of the service module engine nozzle extension. The final report is

expected to be completed during the first week of June.

b. Nozzle Extension

Work was completed on the gas dynamic study to determine the
contribution of the gas forces to the stiffness of the elastic nozzle extension

gas flow system,

Two final heat transfer reports for the nozzle extension were
published during the month. The first report was a thermal analysis of the Apollo
service module engine nozzle extension skirt. The second was a supplement to this

report.

These reports bring all heat transfer work on the nozzle

extension up to date, and no further work has been initiated.
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II, K, Special Studies (cont.)
c. Ablative Chamber

Work is proceeding on the effort to correlate the computer
program results with available test results. A degree of correlation has been
achieved. However, more test data are needed, particularly temperatures on the
external wall. A report is being prepared to present accomplishments to date.
When more test data are available, work will continue in order to complete the

study.
d. Tullahoma Test Data Evaluation
Some work has been completed on the determination of signif-

icant thermal radiation view factors in the Tullahoma test cell. However, only

a8 part of the task is now complete, As more information becomes available, it

will be reported.

3. Structural Analysis

a. Injectors
The analysis of the 5-4-4 AVB-type injector for the component

burst-test condition indicated minor structural deficiencies. These déficiencies

have been corrected.

The structural analysis of the prequalification injector

configuration (AFF-type) is continuing.
b. Propellant Lines
The detailed structural analysis of the fuel line (PN 091512)

and the oxidizer line (PN 091513) has been completed, and results indicate the

lines are structurally adequate.
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c. Bipropellant Valve

The results of the preliminary structural analysis of the
prototype bipropellant valve indicate that several areas of the valve mechanism
exhibit slight negative structural margins, while other areas could possibly be
lightened if structural requirements are the limiting factors. The necessary

design modifications are being incorporated to correct the deficiencies.

d. Ablative Thrust Chamber

The preliminary structural analysis of the 6:1 exit area
ratio chamber has been completed for the component burst-test condition. The
results of the analysis indicate that negative margins exist in the areas of the
forward attachment flange and the throat adjacent to the gimbal support ring.
The negative margins are a result of bending effect. Design modifications to

correct the areas which were inadequate.have been incorporated.
e. Nozzle Extension
The detailed structural analysis of the 40:1 columbium pre-
qualification nozzle extension is progressing. The extension has been analyzed for
boost loading conditions, gimballing loads, and shock loads. It is currently being

checked for operating conditions at several intervals from ignition.

The effects of modification of the metallic seal used

between the chamber and nozzle extension flanges are also being evaluated.

f. Gimbal Ring and Thrust Mounts

The preliminary analysis of the modified components

comprising the thrust mount and gimbal ring was continued.
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IT, X, Special Studies (cont.)

The six-degree-of-freedom influence coefficient analysis is
progressing. A rough order of magnitude analysis will be completed and forwarded
to dynamics personnel for their use in conducting a general analysis. A more
sophisticated approach will be used as soon as the computer program now under
development is fully operational. The results of this analysis should enable a

more accurate solution of the general dynamic characteristics of the struecture,

g. Actuator Attachment Brackets

The preliminary structural analysis of the pitch actuator
attachment bracket on the injector has been completed. The results of this
analysis indicate that the bracket is satisfactory to withstand design loading

conditions.

The use of the new pitch actuator attachment bracket (AGC
Drawing T06127) imposes high localized bending stress on the injector and chamber.
This bending stress is additive to the stress already present in the region caused
by design operating loads. The superposition of stresses could result in negative
margins when the final analysis of the components involved is completed. The

analysis of this region is being completed on an expedited basis.

L, PERT

During this report period 78 schedule changes of the PERT rework were
transmitted through the variance reports. Two logic changes were made to reflect

the correct program restraints.

NAA requested that Aerojet-General transmit the monthly PERT variance
TWX on Monday rather than Tuesday of the week that it falls due. Aerojet-General
indicated that this would adversely affect the validity of the report because
status information would then be hased on the week prior to the week in which

the report is due.
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II, L, PERT (cont.)

A PERT network required to support the dynamically stable injector

program was produced and published.

Layout of a new PERT network that deletes the completed events in the
development phase of the program and includes logic revisions was begun. A prelim-
inary copy was presented to NAA in a meeting at Aerojet-General, Sacramento, on
7 May, but it was the decision of NAA to adapt an "activity oriented" network as
opposed to the event oriented network currently used. The following day was spent

in conference with NAA, in which the details of the revision were discussed.

Incorporastion of the revised program schedule into the new PERT network

was initiated during this report period.

M, SYSTEM INTEGRATION

1. Development Engine Assemblies

a. AEDC (Simulated High Altitude Testing--Phase I)

Upon completion of Phase I of the Apollo service module
engine high altitude test program at AEDC, engine assemblies SN 0000003, 000000k,
and 0000008, were shipped to Sacramento. Further engineering evaluation of these
engine assemblies and subassemblies is currently underway.

b. Sacramento (Sea Level Testing)
(1) Engine Assembly, SN 0000005
Currently, reassembly and subsequent testing of this

engine is pending the reassignment of another bipropellant valve and injector to

the engine.
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II, M, System Integration (cont.)
(2) Engine Assembly, SN 0000007

During this report period, this engine, without gimbal
actuators, was installed in Test Stand C-11, where balance test firings, followed

by a mission duty cycle test firing, were conducted.

Actuation of the Futurecraft solenoid-operated pilot
valves on the bipropellant valve assembly was not repeatable during these test
firings as a result of improper lubrication of the O-rings on the sliding spool.
A decision was made to remove the bipropellant valve assembly from the engine for

necessary rework operagtions as follows:

(a) Incorporation of additional B-nut connections on
the bipropellant valve to facilitate removal and installation of Futurecraft

solenoid-operated pilot valves without having to cut welded lines.

(b) Disassembly and complete lubrication of existing

Futurecraft solenoid-operated pilot valves used on bipropellant valve assemblies,
Reworked bipropellant valves will be used on
engine assemblies SN 0000007 and 0000010 and subsequent engines. Other engine
assemblies will be retrofitted with reworked bipropellant valves, as required.
(3) Engine Assembly, SN 0000009
This engine will be assembled for initial cell check-

out test firings at AEDC during Phase IT of the Apollo service module engine high
altitude test program.
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IT, M, System Integration (cont.)

2. Deliverable Engine Assemblies

a. FEngine Assembly, PN 0901L2-7, SN 0000006

During this report period, engine components containing
"significant surfaces" (internal surfaces in contact with propellants, excluding
the internal surfaces of the ablative thrust chamber) were cleaned in accordance
with AGC Specification 46350, Level K. Other surfaces of these components were
cleaned in accordance with Level H of this specification. Components that did not

meet the required cleanliness levels were submitted to NAA as deviations.

After postfire component cleaning, the engine was reassembled

and subsequently shipped to NAA, White Sands Missile Range, on 10 May.
b. Engine Assembly, PN 705989-9, SN 0000010
Reassignment of engine subassemblies to replace those

dameged during the leak test failure of the engine thrust chamber assembly (Aerojet-
General Report 3865-01-21, page 39) have been made as follows:

Part Name Part No. Serial No.
Injector 299526-3 AFF-T78
Bipropellant Valve 085459-273 0000015
Thrust Chamber TOL663-1 0000072

The bipropellant valve for this engine is currently under-

going solenoid-operated pilot valve rework operations.
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II, M, System Integration (cont.)

3. Simulated Nonfirable Engine Assemblies

a. Engine Assembly, PN 08968-03, SN 0000002

Bipropellant valve assembly, PN 085459-267, SN CF-6 was
shipped to NAA, Downey on 5 May, to complete all subassembly requirements for this

engine,
b. Engine Assembly, SN 0000018
All assembly effort on this engine has been suspended as
a result of the engine being rescheduled for delivery during the prequalification

phase of the service module engine program.

IIT. WEIGHT AND BALANCE

Tables 3 and 4 present the current weight center of gravity, and inertia
data for the service module engine., Table 3 has not changed during the current
reporting period. Table 4 has been revised to correct errors in center-of-gravity

and inertia values that were given in the last report.

Because the prequalification engine program is presently being redefined,
additional weight savings will now be available for implementation into qualifi-
cation engine hardware. These items are presently being evaluated and will be

included in the next report.

Figure 6 is a sketch of the Apollo service module engine.
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Iv. MATERTAL

A, PROPELIANT LINES

Delivery of the first set of propellant lines of the new configuration

maintains a first-week-in-June schedule.
B. NOZZLE EXTENSION
The order for seven nozzle extensions of the unstiffened configuration
having columbium to the 40:1 section has been increased to nine. The first
delivery is scheduled for mid-June.

C. ACTUATORS

One actuator was returned to the Cadillac Gage Company (CGC) for rework
of the clutch.

During this period no actuators were received as a result of clutch,
spring rate, and leakage problems (see Section II,F). The delivery schedule has

been revised spproximstely three weeks, as given below:

Number of Actuators Shipping Date

18 July 6k
25 July 6k
1 Aug 64
8 Aug 64
15 Aug 64

ol - R UV \V]

The delivery schedule for the remaining actuators is yet to be
determined; however, an expedited delivery schedule is expected to make up for

current delays.
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V. MANUFACTURING

A, FABRICATION

. 1. Injectors, Dynamically Stable

Three injectors for the dynamically stable injector program were
completed during this report period; one at Sacramento and two at Azusa. These
injectors are currently being tested. The backup supply of AFF type injectors at

the Azusa facility is being utilized on a need basis.

2. Gimbal and Thrust Mount

Design changes during this report period have imposed delays in
the delivery schedule of this component. These design changes have been completed
1 and have been released to the supplier. The change in delivery schedule will not

exercise a restraining effect upon engine buildup.

3. Valves

The first prototype valve, SN 0000030, was completed during this
report period. The schedule of deliveries for the prototype valve is set at one
per week beginning in late June. This delay is caused by fuel valve body fabri-
cation problems. Delays in receipt of pilot valves will be the pacing item

after the next five valves are assembled,

Several errors have been found in the tooling and numerical
control machine used in valve manufacture which are believed to be the basic
cause for dimensional discrepancies in fuel valve bodies. Corrections to the

- tooling and numerical control machine will be completed by the 25th of May, and

fabrication of fuel valve housings will then continue.
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V, A, Fabrication (cont.)
L.  Chambers

During this reporting period, fabrication orders for new design
chambers have been released. The new design will solve proof-pressure testing

problems,
B. TOOLING

1. Engine Assemblies

Three tools for engine assembly were ordered and received during

the report period.

2. Thrust Chambers

One tool for use in chamber fabrication was ordered and received

during the report period.

3. Injectors

One tool for injector fabrication was ordered during this period,
and delivery is to be made during the next report period. The anticipated delivery
date is 20 May.

4, vValves

Three tools for use in bipropellant valve assembly have been

ordered. All are expected to be delivered prior to need dates.

C. FACILITIES

Cleanliness facilities for the Apollo program are nearing completion.
The clean room for engine assembly is operational, and the tent for component
cleaning has been installed and will become operational during the next report

period.
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VI. QUALITY ASSURANCE

A. SUFPPLIER QUALITY CONTROL

Action is currently being taken to include NPC 200-2 in the Cadillac

Gage Company contract for actuators.

B. INSPECTION PLANNING

1. Engines

Engine Assembly SN 0000006 was delivered during the reporting
period. Review of records with North American Aviation brought to light a lack
of clear definition of the contents of the end item report. In order to obviate
the difficulties which arose on engine assembly SN 0000006 in the future, it is
essential that North American Aviation and Aerojet-General discuss and reach

agreement on the specific contents of the end item report.

Injector SN AFF 78, assigned to engine assembly SN 0000010,
undervent acceptance testing. Initial tests on this injector indicated some
streaking of the chamber and resulted in modification of the injector hole pattern.
Criteria for allowable streaking has not been determined. In order to permit
objective quality control of injector testing, it is necessary that such criteria
be established.

2. Quality Control Program Plan

NAA comments on the Quality Control Plan, Aerojet-General
Report 3865-9B, 17 October 1963, were received in January 1964. Exception to
three comments was taken by Aerojet-General and mailed to NAA on 3 February 1964.
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VI, B, Inspection Planning (cont.)

3. Special Gaging for Inspecting Bipropellant Valves

A number of special gages has been requested for the inspection
of the machined fuel and oxidizer valve bodies of the bipropellant valve. To
date, only a portion of these gages have been approved for procurement. Dimensions
to be inspected by the remaining gages cannot be inspected by means of standard
measuring instruments. Efforts have been made to inspect the fuel body using a
jig bore. This has been partially successful; however, three dimensions cannot
be inspected and the use of the jig bore will result in costs far exceeding the

estimated cost of the requested gaging.

L., Ablative Thrust Chamber Failure

During the last reporting period, a failure was reported on the
ablative thrust chamber wherein the forward flange separated from the chamber.
Corrective actions that have been taken to prevent recurrence of this failure

are given below.

The outer flange surfaces will be cleaned, using an acid etch-
paste solution in place of the solvent cleaning process. A water-break test
will be performed to ensure a satisfactory bonding surface. Inspection surveil-

lance will be performed throughout the complete operation.

Continuous laminants of glass cloth will be applied under and
over the forward flange. The thickness of each laminant will be capable of with-
standing the entire load applied under the most severe pressure conditions. The
previous design allowed the glass laminant under the flange to terminate approximately

2 in. beyond the aft end of the flange.

Page 48




Report 3865-01-22

VI, Quality Assurance (cont.)

C. QUALITY CONTROL DESIGN REVIEW

During the reporting period, quality engineering reviewed the follow-
ing:

Engineering Drawings 139
Drawing Changes 125
Engineering Change Requests 11
Engine Test Directives 21
AGC Specifications 9
Welding and Nondestructive Test Procedures 9

D. INSPECTION RESULTS

During the reporting period, the following inspection results were

obtained in in-plant and recelving inspection.

Receiving

In-Plant Inspection
Parts Inspected 567 16,616
Parts Discrepant 67 730
Characteristics Discrepant 358 1,225

Percent Discrepant 11.8% 4. 4%

VII. RELIABILITY
A.  PROGRAM ADMINISTRATION
The April monthly reliability surveillance meeting with North American
Aviation, Inc., S&ID representatives, was held on 16 and 17 April 1964. Minor

changes in the physical presentation of the reliability estimates and the frequency

of analyses were discussed. Failure analysis format, component safety margins,
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VII, A, Program Administration (cont.)

changes in the reliability program plan, and the reliability program for vendors
were also covered. It was agreed that the reliability requirements in the com- -
ponent specifications should be. 'more definitive'. :The.rewritten séctions of the
various component specification reliability requirements are essentially complete
and have been submitted to cognizant personnel for incorporation into the basic

specification.

Correction and deletion sheets for the reliability program plan have
been transmitted to NAA/S&ID. After concurrence by NAA/S&ID, the reliability

program plan will be published and will be available for general distribution.

The majority of the prequalification design review action items have
been answered and transmitted to NAA/S&ID. It is anticipated that the remaining

action items will be answered in the next reporting period.
B. RELIABILITY ANALYSES

During the monthly reliability surveillance meeting, NAA/S&ID requested
that Aerojet-General prepare monthly reliability estimates of the specific
component designs and engine configurations if the data were sufficlent. However,
in monitoring the data for a one month period, it has been determined that the
data are insufficient. Therefore, Aerojet-General feels that estimates should
be made on a quarterly basis. The sequential plot of engine hot firings has
been reoriented: Fallures versus trials axes have been switched. It was also
requested that rellability estimates of the service module engine, based on the
elimination of failures for which design fixes have been achieved, as well as
reliability estimates of start, steady-state, and shutdown capabilities be
generated. These estimates have been completed and will be upgraded and included
in the next quarterly report with the reoriented plot, the reliability growth
curve, reliability estimates of particular component designs, and changes in the
functional logic diagrams, failure mode and effects analyses, and the assumptions

and restrictions.
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VII, Reliability (cont.)

C. FAILURE REPORT AND ANALYSIS

1. Failure Reports

A summary of the reportable failures occurring during this
report period is presented in Table 5. Copies of forms reporting these failures
have been forwarded to NAA.

2. Failure Analysis Reports

The following is a summary of the failure analysis reports

that were issued during this period.
a. Failure Analysis 58 (F.R. 229)

The first configuration of Engine Assembly SN 0000006
failed to meet specification requirements for a number of performance parameters.
The engine was reworked, and component development work is continuing in an effort

to meet these requirements on future engines.

b. Failure Analysis 59 (F.R. 230)

The first test of injector PN 090827-7, SN BF-16, (pattern
POUL 41-16) was a stable, successful firing of a nominal 5 sec duration.
Posttest inspection revealed hub and baffle damage and a crack in an oxidizer
tube-to-pie section weld. The hub damage was caused by spurious oxidizer streams,
and the baffle damage by a weld around a support pin cracking out. The tube-to-pie-
section crack was the result of an inadequate weld and a highly stressed Jjoint
design. The support pin and tube-to-pie-section joint designs have been changed

and the pattern will be modified prior to further testing.
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VII, C, Failure Report and Analysis (cont.)
c. Failure Analysis 63 (F.R. 239)

Bipropellant valve SN CF-5 failed to close on shutdown
signal at the conclusion of an AEDC test. The valve was returned to Sacramento
where it was disassembled and analyzed for cause of failure. The workhorse pilot
valve and the cam, roller, gear, and rack mechanism were determined to be the
source of failure. Corrective action consists of reworking the pilot valve and
the use of revised assembly techniques when adjusting the cam, rack, and gear

mechanism.
d. Failure Analysis 64 (F.R. 240)

During the cleaning and reassembly of Engine Assembly
SN 0000006 (first configuration) following acceptance tests, the injector (PN
299526, SN AFF-16) was found to have a small crack in a face ring braze Jjoint.
A simulated mission duty cycle firing caused only slight propagation of the
crack and did not affect injector performance. There are no plans presently to
fabricate additional brazed face ring injectors. Electron beam welding is being

used for injectors of the dynamically stable injector program.
e. Failure Analysis 66 (F.R. 242)

Injector PN 299525-5, SN AFF-58 (pattern POUL 31-10),
was fired with ablative chamber PN 70L66L-1, SN 0000016, for a simulated mission
duty cycle. The test was terminated prematurely at 561 sec when the chamber
burned through. A review of pattern POUL 31-10 ablative firings revealed a
significant injector-to-injector variability in chamber-gouging characteristics,
which can be determined only by firing each injector with an ablative chamber

and then inspecting the chamber.
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VII, C, Failure Report and Analysis (cont.)
f. Failure Analysis 73 (F.R. 251)

After three firings of Engine Assembly SN 0000007, totaling
83 sec, a visual inspection revealed two cracks at the base of one thrust takeout
strut, PN 091047-1, SN A-4k, The failure was attributed to lack of sufficient
material ductility and to excessive stresses induced during fabrication. The
heat-treating requirement has been changed to increase ductility, and the riveting

procedure has been changed to reduce fabrication stresses.
g. Failure Analysis T4 (F.R. 252)

The final configuration of Engine Assembly SN 0000006
failed to meet specification requirements for several performance parameters.
Component development work is continuing in an effort to improve engine perform-

ance in these particular areas.
h. TFailure Analysis 75 (F.R. 253)

Bipropellant valve PN 085459-267, SN 0000016, used on the
final configuration of Engine Assembly SN 0000006, had ball seal and actuator
leakage in excess of specification requirements after engine acceptance testing
and decontamination. The valve also had a cracked weld on a bleed line fitting.
The use of omniseals in the valve has proved unsatisfactory, and they are being
replaced by O-rings. Ball seal development is still in process to identify and
eliminate sources of ball seal leakage; the drain and bleed line attachment

design will be changed to eliminate the welded fitting.
i. Failure Analysis 77 (F.R. 256)

During a post-acceptance-test leak check, Engine Assembly
SN 0000006 exhibited GNé leakage in the chamber/injector flange areas and at the

Page 53




Report 3865-01-22

VII, C, Failure Report and Analysis (cont.)

chamber-positioning bracket, mounting-ring bolt holes. The chamber design has
been changed to extend the rubber sheath under the forward flange continuous-

ring and to double the thickness under the support ring.
j.» Failure Analysis 78 (F.R. 257)

Failures of position-indicating potentiometers were expe-
rienced during various functional tests of Engine Assembly SN 0000006 bipropellant
valve. Investigation of the more recent failures has disclosed two primary
causes of failure: 1Iinternal corrosion and broken internal wires. Several design
changes have been made, and a new supplier has been selected, but additional

analysis may require further changes.
k. Failure Analysis 79 (F.R. 259)

Engine Assembly SN 0000006 did not meet the specification
requirements for cleanliness. Facilities capable of producing the required
degree of cleaning will be available for use on the next deliverable engine.
VIII. SUPPORT

A, TECHNICAL SERVICES

1. Field Support

&. General
Aerojet-General field support personnel are continuing

coordination and technical assistance at the White Sands Missile Range propulsion

systems development facility, with NASA and NAA S&ID personnel.
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VIII, A, Technical Services (cont.)
b. Engine Assembly SN 0000006

Apollo service module engine assembly SN 0000006 was
received at PSDF/WSMR on 12 Mgy 1964. The engine underwent receiving inspection
by NAA and NASA quality control persomnel, with AGC assistance.

The inspection of the engine and log book resulted in

1"

minor "carb" writeups, such as lack of flow indicators on the major propellant

lines, the fuel and oxidizer orifice sizes not being indicated in the log book,

[¢]

and the thrust chamber throat measurements taken after the last firing also not

being covered in the log book. Action has been taken to correct these deficiencies.
It is reported that NAA-Test Operations has commenced
installation of the transducers on the engine, and engine leak and functional

checks are scheduled to begin by 18 May.

2. Engine Test Directives (ETD's)

The following is the Apollo ETD status:

a. Forty-two of the scheduled 47 engine ETD's have been submitted
to NAA-S&ID with the required quantity of copies and reproducibles.

b. Of the remaining 5 ETD's, one has been released, one is in
preliminary form for engineering review, and three are awaiting engineering

information.

c, A total of 35 EID revisions have thus far been requested,

with 28 of these released and submitted. The remainder are being published.
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VIII, A, Technical Services (cont.)

3. Technical Manual

There is no change on the Engine Maintenance Manual, SMA5-801,

which is still undergoing NAA/S&ID review.

Proposal LR64L200L, follow-on effort for updating and maintenance
of the SPS engine manual, is also undergoing NAA/S&ID review.

4. Provisioning Parts Breakdown (FPB)

The following is the status of the PPB's for this report period:

a. Revision 2 to Increment XIV of the PPB's for the Apollo
service module engine is being reproduced and will be submitted to NAA by the end

of May.

b. Increments V, VI, and VII of the provisioning parts break-

down for Apollo AGE were submitted on 24 April.

c. In accordance with NAA Documentation Specification MC999-0025A,
Paragraph 3.9.4; a new provisioning parts breakdown is presently being prepared
for submittal in June 196k.

d. Revision 1 to Increments I, II, III, IV, V, VI, and VII

of the Aerospace Ground Equipment Provisioning Parts Breakdown is being prepared

for submittal in June.
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VIII, Support (cont.)

B. SPECIFICATIONS

The following new specifications, revisions, and amendments were

released during this report period:

AGC Number Title

10189 Container, Storage, Shipping, Handling, Reusable,

Amend-2 AJ10-137, Rocket Engine

14091A Electromagnetic Interference Control for Aerojet-General

Amend-1 Aerospace System Rocket Engine AJ10-137

46598 Injector Assembly for AJ10-137 Rocket Engine, Acceptance

Rev. A Test Firing For

46605 Sling, Rocket Engine Handling, Acceptance Test For

Rev. B

L6652 Cleanliness Requirements for the Apollo Service Module
Engine

46656 Nozzle Extension, AJ10-137 (Apollo) Rocket Engine,

Acceptance Test For

L6659 Nozzle, Columbium Alloy, AJ10-137 (Apollo), Heat Treat-
ment of

46660 Rocket Engine Assembly AJ10-137 (Apollo), Preparation
for Delivery
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TABLE 1
THRUST CHAMBER RADIAL DEFLECTION, PN 704663-1, SN 044

DEFLECTION IN INCHES x 109 |
Pressure DIAL INDICATOR LOCATION ‘
Condition 12/ 3[4, 5] 6] 7 8 i 9 10 ; 11 | 12 |
Opsig  BeforeTest| 0 ' 010 |0 ! 0| 0| o o L, 0 . 0o ‘o |
0 psig Before Test | 0 10 ' 0 (0! 00l ol 0ol o ! o 1 '

| 25 psig  Cxercise - le e bl S T R S R
25 psig  Test 0lo0_ 0| o | .25 .25 .60 .25! 1.30, 2,00 1.1
15 psig  Return |0 20, 0 i 0 | .25 .25;3 .60 .25 1,00 1‘,30@ cv
{50 psig _ Test . 0 1.10: .25 ,50:1.00{ .40: .50| .80 .75! 1.60 2,501 1.33_
. 15 psig  Return | 0 .50 .50, .75 1.00| .30 .25| .45 .75 .50. .50, .40
(75 psig  Test . 40,20 .50/1.00'1.00] .50/ 1,00 1.40 1.50| 3.00 .30, 2.80
_15 psig _ Return . .40 .20?40,1 00/1.00, 0 | .15! .25 1.75_ .40 _.56! .30
100 psig _ Test | .25| 0 .25 1.00 1.00 .75,1.40] 2,00 2.50, 4.35 7.00| 4,20
_15 psiz _ Return .25/ 0 . .25(1.001,00 0 | O | .10 2.50| .40, .05, .40
| 125 psig  Test fL 252415 .40%1.50;1.00 1.20?2.00 5.00 s.7sf 6.00 980, 570
{ 15 psig _ Return ; 25 0 . .251.50,1.00{ 0 | .20} .25 2.50‘ .50 1.00, .60
150 psig _ Test 25 0. 70,2.00,1.00/1.90/3.00] 4.30_5.00| 7.80/13.00] 7,30
15 psig __ Return | .40 .20} .50:2.001.20| 10! .30 .30 2. 80 __.60! 1.50 .90?j
175 peig  Test .40 0 [1.00/2.10.1.30/2.50/53.75! 5.50 6,50 9.50 15.90} 3,20 _
15 psig __ Return .5 ‘.40'..60 2.00 1.50, .30| .50 .50_ 2. oo .80 1.90 1.20
| 200 psig _ Test .50 .,1011,252.40 1.50!3.10 4.55| 6.70 7.70.11.40'19.00 11, 507.
15 psig__ Return .50..40. .60{2.00'1.65| .40 .50| .50 2.50 1.00' 2,20  1.30_
| 225 psig  Test .50 .10 1.40.3,001.203.60/5.50] 7.75  9.10_ 13.40122,30 13,50
|15 psig _ Return | .60 .40 60 2.20/1.75| .40, .60| .50 2.60 1. 00| 2,50, 1.50_
| 250 psig  Test :60 .10, 11.60/3.00/1.20/4.4016.40 | 9,00 10 50_15.30 2a.2) 15.70
15 psig  Return .soii:.so .60\2.5%‘..00 .50 .75 .70 2.60 1.20, 3. ooT, 1.90 |
275 psig  Test .60. 0 |1,75!3.20 1.00/4,80'7.20 110,10 12,00 17.10 28,50 {17.80 .
15 psig __ Return .901,50] .60!3.00/2.00| .40] .65| 65| 2.55 1.30 5.20 2,00 |
280 psig  Test .80 ,1011.8013.50 1.2015.0017.56 110,60 12.60 18.00 |30.40 19,00
15 psig  Test 1.00/.50 | .60'3.00°2.00| .50' .75| .70 2.60 1.40] 3.50  2.25

*NOTE:

Table 1

All deflection values in columns 4 and § are negative.




Report 3865-01-22

*SUCTIPTTTONC 8d0 (09 JO SUOTIWOTPUY oul

*PIN WA JURIRIQTA OTTYA PSUTWIQO
SUOTISTTos0 ado 0gS slesss Supywuteile
seqy TeRg Jo !.wwn.h sejuotpay

ATNeN: Lrwupuiend S U} aocu 81
uasel  “JeAWYS UOTIRIQTA Jo e JoJ
Tvaczdde 82204 STV PEATO®Y ISIINGEH
‘POTTHP

WA persTdwod 88Ti08 561 ISIINSHH  qou oy wimang  J030{UT POTTIS PTULS *uotBes wyed 0T oWy UT pasveddesip
puw pest.meseld v Jo sseoold uoTIsTNQWOD | YOTWA OJ AOT 39 SUOTIVIITo80 DAOS Wi¥p
S0T3, T o0 FUTIMITAI S eus waTa Bupidnoo etdjeecd DD sefouss | LINUTHTIAIS #1883 GATAVIQN jo Sepies
820300(ut edly Jy Jo STWUVUD U} AOLY _bes; Juwuossd eupsiersp o TIATIIAFG0| ® UT PASTS 3991 WA 2030(u]  TGLINGTH

w3893 jusnbesqns aal *3883 38T WO
POTTe] ssoq duxotd eunesaly 163INSTH

*SUOTITTTOO0

840 009 JO UCTINOTPUT ou PEY T-Ld¥
YOTHA UITA TT=TS JNOd Wa93iug 3o
~penDd ®3enTEAS JOIIU] O]  1SATLOALGO

19N pesRaIouy M wwTs o] FAILOE ]
€9-44V *dUId o9 ®

E-div

*og uyp dolp jdnigqe o3 enp siIWIe|
XS PUW 088 GgN IWAJE POIRUTALIN)
sen O10L) Mnq uoTesTH :SIINGHY|

*z€-dav

Jo 308378 I3 euTmITIep pUv EyuSHeTe
8310 Bupywuraile £q 0-T¢ 100d
03 wieied ey LyTpom of IFALLIALGO

“SUOTIFLTo%0 009 s\y eysu |
~PHELe 30U PYP WOTISITSTPON  1SITNSHH

*3utuny opmeulp
203 PeTITPON Tuteq 7 Jojrucesy
*Jojwuosss J0 Bupiyea pus LE-I€ q00d

‘#3003 srofassd 3 uy_peujedqo up eqm 1on; STBUTE WIA PR PRIy
. BIIREI O} WITJUOO Of IFATIXAME0l eqedTiEeAU PUR WP 4N/€ 0% SN 3eTUT

*SUCTAVTTT0%0 9do 009 SIWUINETe
0 PIP UOTAVOTFTPON IEIIASEH

.gn&

*LyTIqV)
uoysseiddns LJTI04 pue 3sey Buranp
Jdojeucsel JuTUTINEX 3 eunyep pue

oun3 03 suoTETacdd exwm puw

*£971TIqTAvdN00 JUSTISOXY ‘*sOTIes 3803 P o3 £ shs ey oy

SO2UNGINISTP AOTJ LUn JO UOTIOEISIUT
onoTasad euy UT pMou opnTrdme 0w usased S«W.unv-! 285TPTXO_puv Jenj
w0l 843 009 OU ITPEI 30U PIP 8N yagq up waojwsedes pIe 0L 1ZATIOANEO
008 Q1 SATJ puUw 208 (Q0Z O  1SIIN:

*9N-1€ 1n0d *¥WL

*2€~ddy Jojoe{ut ut L(-TC M0d WA
PeIcT puss; jussedde syl e3eSTiEeaut
0 . TP @301 JO SE3TJTI0 WA
WUWL00d T3 OWY AJTPow O IFATIOECHO

*SUCTIVITTO80 8d0 009 eIeass pwy
SI0qUERUD NI SATINIQY T19 ¥ IO -paqonpuco sien #3903 a9 SAIY .mml.ﬂw:-wl.k

01 POTIIIY BT J0308(UT  15ITNSHY

*Arqueese 1ojvuossd
‘wdijoroad aTA 180 207 LE-TC 1004
juejyed pue uotIsmityuce Teuplvio 83}
03 Jojoe{uy ey} winjex ol FTATLIErE0

"85 009 FINoLTo [0y eqy T#d5 007 %
Asusnbess 3TROITS JOSTPTXO JURITEOP
oYY AW SUCTIVOTPUT SI8 axey

om Lq J0300{uT ey3 uo sIS8zJe @1zs0U
TEINIoNIS Yy SIWNTEAS O $FATIDILED

*Lousnbexy
*T=1€ T00d TH 03 S0P $3IWIE S PUR D08 /] I8V

SITOUNTRH SUC SACMSI O] JAILOAME0

cquesexd sdo

009 opryTTdae AOT LTuo “pedyy Bujeq
Arjusamo s J0300(UT eLl 1GIINSTU

*SUCTINTITo80 8do 009 ewy Uo Teng
SIBUISITE UW JO 3083]¢ ey} Sujuexe
°3 H0{ WA 193 O I1FATIOHrA0

*WIOTIFTTINO odo Q09 B4Y SETELR

POIRUBISSp Wieljeg  ‘3UBTOOD WTTJ | PMISUTMIN) suA cequelo 3mMAny eATIVIqE
eR BUTIRUTHTIS Jo §3987]0 UTTISNQuOd T5°1 ¢ UITA OTaLO L3np uorssTw
oy audyaeeaut o] 1ZATIORIG0 ¥ *Suotyv[(ioso sdo 009 o3 uy

- SpnITTdee peonpal jo SUCTINITPUL WA
PR SI0A #3907 *5°] (0038 { ISIINSH

*A3114]

~TAwdmod JuaTIeXE *#do 009 Jue 3 yml
~d0UT puw AW@BTIS “deq sy
SATIFIQE T:5°T ¥ UT pe3donpuod e8¢y
008 Q1 S4TJ PUw 088 (02 SUQ ISTINETY

*SUOTARTTION0 8dd 009 U3 eqwupNTIe
00 PIP SUOTIROTITPOM SUL ISITNSFH

*ZNT€ TN0d PeIwulissp uieing
*3uBYeIIe 03 TITAS WO URTO0D WIIJ
ButBuwyd £q ssevoxd uoTyenquod Uo

*E-TE IN0d peyvkdiaep o7 ‘wweq pepwolesd Sutue
We3dnd LE-T€ N0 WIA PRROU PUMY _uaguerae Lq nopaoeriep Mls uswuﬂoucwuo

“83073U08GL JO IeQEND O3 WITA POTIvA
43143790377 "sz0wuoses TTv 4q
PRIsaco puwq ey ojuy 197 Lsuend
~81J UOTISTIQEOO B3 USA GATID0IFS
oA si0jwuoser 8yl ISTINGEN

* s19uedwep
o jo eBURI SATIONJS oY} SUTRIFISP
o d zeq Lrea puw deqy
RATAVIQE U® &JTJ 3893 OL TIAILODAME0

quersdds ayq #18RTy50AuT puw JuRgood) s1qyssod eyedyaseauy o °f

ATT o4 ekwadsay of | 13IaTier 330370 w3 wynBrIseaut Ol 1FAIIOACEO

*sishToue BITWIT #3997 03
JO uoTimInp Ioye ey3 Inq ‘sJojwuoser

30 PTP UOTAROTITPOR  I1STINSTH|

*€9~ddV WA uTIse) Jo #3TNel e
®eITiseAuT 03 sedwiq eqny (o0 ppw pus
SI03WUONI O} SUMep Ol SFALIZAEO

SSUOTIRTTIOSC #1040 QD9 OU alea areyy

*wied 5o AoTeq SUCTINTTIOS odo (U| WA peuTeIqo L[smotasyd s3Imsed zooms|

sIen sxsyl ‘wyad 021 03 Sg Jo edumx
o} Ul UoTIRtedo qIoowE swa SIel|
*wyed 0zZ1 03 wyed G, woxy pejonp

°SUCTIFTTTIs0 82 009
WIPUTNITO 03 POTTR] UOTAWOTITPON °T

“N9=N-¢ PeIsTdwod sPUTIT ISTINGEM

*L2=4dY YITA pejou sdd 5(9
uo #39837e Buprdnoo erqiesod ewuTeile
Pav sequy 1en] SO%iIq o] 2

‘suopieTI 60 sdo (09
oy} jo epnyjufiem puw SOUSPTOUT
M) SOSUEIVED UOTIEOTIIPON Ol

"M9=L-¢ PeIeTdNOD #3189 :SIINSHY]

*aTss0u 37X
PAIMOUCO ¥ 07 [RITUOD ® madJ JupBuwyo | *INeTf TN0d PeITUBTesD wWieyyny *queieoe
£q 20308fUT U3 UO 93108338 TEINIONILS o1d 2e8TPIX0 yowe #1s0ddo EEITJTIO

“19-ddV 2030e(uy
SUSS0U Oy3 #3InTVAS O T :FATIZArAD POOTY IXBERTP O0° XTF JO UOTATPPY

o3 03 eup UCTIFUUMIE JO SOUSPTAS
emos s7 s2eyy Lyysuejuy up Juplrea
SUOTINI(7280 emnssesd juwijpuesul
R peysTducd setiee 31881 ISTINSEE

*SpToJTuRm Jojoe{ul Ul steusdwep edsy
wdyd wvelao peuny Fupem SUCT}eIT]I80
0dd> 009 uecwwp o) 1ZATIONNE0

o7 £q TSUUTYO TeNg I0300_UT SReIE

*p Jo uoTiwandiJuod 207 (f-
304 erqiseod ejeutaile oy 1FAILIArA0

03 uze33nd our LJTpow ol FATLOECE0 *SUOTINT T80

odd 009 eu3 eJEuTHTIe J0U PTP

~UCO FEA 1897 288 (ZZ PUF BIOJFUCSE
o) USIJTI8 03 PePPY AISA sXeTqNA(|
USTINTTIOR0 00D (09 eaeast puy
89807 JNOXOOUD 08 S ol SITNSTH

*sIouednyD UITA L2-LdV

BuTi503 PAUTEIQO ¥Iwp woxj peuBisep
dojsuoser sITousTeN ¥ jO_LITTIQY
uoeseIddne ey 38} O I1FATIONrA0

[ TEuoTIvTIToNS B O W ]

STUIT® O} POTE] UCTISITITPON T
*MY~NZ-z pessTdmoo SBULILL TSLINSIE

*UOTITITARD e1qTesod
PUINTIS 03 puw 80Td UCTINQIIIETP
up ensseld enyrwnbe 03 sl0308Tjep
dopeey JOSTHTX0 AJTpoW  sTATIZE 60

e ils o0 dodp eunssed Tong pesnpaz eyl °y
uyp 3sTxe setousnbelrs Suyydnoo

19q3 SIWITPUT o} STYRF sTRiTEuy T *Mo~E~{ uo pererduod wysel  iSIINET

*Ng=22=2 PeIOTdw0D 388y 1SITNSTY| *On-1€ 100d PeIvuBisep
laregqng i° ssedord uoTIENQEOD Byj puw souw
~mI0JI0d UO BIO9JJ0 SUI SUTHINIep PUV

3od 2z 03 ON wozs dosp emssesd uoy
~300{UT {e0J o3 eonpes ol IFATIOArd0

“UcYIETTEISUT 83e1dwod e JO
SeT0uMbal} UOTIRIqTA supwiesep o) Yo

93Tnee safsnraucs o °f
!vuooon!o.!-muooﬁ.w
.a

oqny TenJ jo souwuosel edo 569
il 4
030Tdwos $308] UOTIRIQTA ISIIASEH
*essoorxd wot
-3snqmo0 3 Surrdnoo esyqyssod aog

esfivus puw zojoefut Jo sepousubexy
JUUOEE: SUPEISNSP O] IJATIOArE0

¥ 177 3803 puv @3waqTa Of IZATLOGINO,

T

2E-ddv 62=ddY g2=ddv

Le~div

6T Lw ST

WY¥D0¥d SdO 009 “¥OIOILNI 44V OTI0dV

¢ H14vL

Table 2




Report 3865-01-22

T ]
¢ 1e- £°80L 1°2489 | T°Gb+ 0°2c¥9 : (L1p) :1e30] | g2
¥e
_ 0°0t1 0°01 0°01 o*or+ | - £ouslurjuo) | gz
_ 0°2 0°¢ 0°c 0°c+ : - SATRA WO9YD | 22
. Al tae £°969 1769 L S¥+ 0°0£9 | T1°ghTH Wm.own (Lap) :ye3zolqng | 12
(11) | 0L~ 0°2 _0 0%~ 0°L 0°c+ 0°g aaempaey Juryoelyy | 0T
(ot1) 001 L°ct 0°9zg L°8¢ PN A 0°9c 0°9c+ - J03eNn30y Mmex 61
(6) 001 A A 0°92 i'82 Lt 0°92 0°9z+ - J07en3oy Yd3rd | 81
(0°2%) (¥°25) (0°29) - STOJIJUOD J0JI3)4 ISNAYL | AT
! 001 6°1 6°1 1°0- 0°c 0°g+ - s39Moedy *Sad1JTJ(  SUIDIDG 91
: 001 L°C L°T £°0~ 0o°¢g o°¢+ ; - S9UTT paafd 3 uleaq ST
(8) 001 9°0~- 6°2 e°c L°0= 0°¢ 0°¢c+ : - auty dung *qoy 2agep 141
(2) 001 S 1+ §°92 0°8c 0°1- 0°62 0°62* - SaUTT UTey eI
(0°%2) (6°%2) (0°42) - saut] juerradoad | g1
(9) 00t 6°0- 0°se 1°ve 6°~ 0°Gge 0°Gg+ - SSaUJdeq TedITJ}031H 181 ]
- - S3ATeA YO3YD o1 —
(s) | o6 |01 0°91- £°L6 £°18 g°1er 0°09 0°1+ 0°6S S9ATEA UTER 6 o)
‘ (g°221) (¥°501) (0°G8) - S9ATEA B3 STOJ3UO) | 8 -
(¥) ; 001 L~ 0°01 £°9 Loe= 0°01 0°01+ - INI3S ISnay], L "
(€) | oot 0°1+ 0°'88 0°68 0¥+ 0°c8 8L+ g'Ly  d3uraveg requin 3 Jury |9 )
(0°86) (£°S6) (0°g6) - aanjonJglg snayy | ¢ nm
001 0°9%1 0°9%1 0°TI+ o et 0°8L+ 0°9¢g uoTSUdIXY STZZON v
(2) 001 6°Cc+ 0° %61 6°961 6°p1+ 0°281 L~ 4°¥81 Jaquey) uorisnquwo)d € QW,
(1) 001 8°e- 0°¢¥y 2°6¢ A 0°8¢ 0°g+ 0°ce Jogoalug 4 v
(0°¢g8¢) (1°e8¢2) (0°vs¢g) - Jaqueyd snayp 1 Mu_
cl IT ;01 | 6 8 L 9 S 4 £ [4 1 m.m
2 32V_T1eD 1S4 sasuey) 961 8 + & |[343Irepn|(9edaer) | s aSueyy $961 T114dy GI e3eq
aded Uy J8d J030ed3} * Jenl 1 I0 oadg ¢ + 2 | poaoaddy | paieq anss|
uo -uojp paje(q ¢+ ¥ jaopuj —-| 3y43rap 1#%101
pa3oN syaoday snjeig *ON | s nje3s JDAQ+ postTAdy a0DY TTO90Y=YXLLEH *0°d 1oeJI3UO0)
B1eq JuaIIN) %R S| anssj juaIan) | Jo03oealy Xep Jo se
juaaan) Joj siseg usamiag s n jels -uo) *oadg YT TN LET-0T £V T19POK
adueyy 38w Teurdrag ANIDONT IMMOOu ‘*W°S 0T10dV
SOLVIS FONVTVE ANY JHDITM

SALVLS IHDIIM INTWIND

€ HI4V1



Report 3865-01-22

» -
payoejie Swall 0} paJJdjsueld],  0°Z - (11) sJempley JUTYORRY |GT H
2A0QE SEB JWeS ! ,°g+ i (o1) J091en3oy mex | by i
(s3aed 3uryoerje qr C°Q sapnyduUY OSTE) €1
zatyddns £q pajonb ydtom| 2°2+ (6) J03en)dY Yo1d | 31
auty Jo 3jydtam [enjovi 9°0- (8) sur] dung J03eNn30y dATeA | 11
s3zed 3uryoejje jJo UOIIPPY | G+ 2) SaulT uTeW | O
sgauaey Jo 3yIram jenioy; 6°0- (9) ssaugey [e2TJ3991d | 6
saded 8
jmmutwnpe pue syreq moyroy jo uotrjeaodaoour! Q°9T- (S) S3ATEA UTeR | 2
sadueyo Tetaajeul 9
pue u31sopad 03 anp uorjonpas YItap | 2o e~ (v) 83na3s Isnayy | ¢ o
sSutaeaq pue Sura jo 3yItom fenjoy | Q[+ (€) s3utgeay Tequin R Juiry | ¢ G
sjaed Juryoejje Jo uOTIIPPYV | 6°2+ (2) Jaqurey) uotrjisnquop | ¢ ©
9°1+ syfed *yoelje jo woOTIIPPY ‘*6°p- ‘ SSIWNOIYY 2 N
23ue[J poonpaa 03 anp uolloNpaa Y3ITaM | gee- (1) go3vafuy | ¢ v
Ty}
SHUVHTY FONVHD | DNVHD | (P®30N) M
LHOTAA | LHOLIA 961 1110y ST ajed .
YOIOVHL | JAOD A0SST -
=~NOD o
TTO90Y7-YXLLEX *0°d LOVHINGD =
ZET-0T [V TZAOW S
ANIDNT JENOOY TINEOW IDIAYTS OTIOdV :
SOIVIS ADNVTIVE ANV IHDIAR -~ qH003Y TONVHD LIHDIUM

(°3u0d) ¢ g14dvl




Report 3865-01-22

*2UTTJ23UdD 2uTdua ayy uo
Y3e0ayy umgsa:o :OMQLGsoo oyl |70 paemaol sayout 01 ps1eO0T ST Wnjep IOUIIJIY,

GC6966 81¢266 608V9C 1°0- VA G°S01 1°€49 (RHA - TVYIOddNS 61
POL 8¢l 669 0°¢I- 021 0°06 2°9¢ J03enjoy mex 81
9¢s eS8 80Y 0°6 S 11~ c°L8 L °8¢ J03enl)dy yo31d FA
STOJJUOD J0320, jsnayl, 91

011 o011 06 9°0 9°1 ¢ 16 6°1 g}9yoRay 8901 TJ(0  SU3A.IOS S1
£821 AN S16 9°0 9°1 e 16 L2 auT] PoadTy pue utredq 14!
208 06¢ L6V vy c°s 2766 ¢°c auty dum( J03BNYOY BATEBA et
6S¢2T 602¢1 ¥2L6 ¥°0 £°0~ z°L6 0°8¢ SJUT| uTely (41
sauty jueiiedoag 11

S10¥% Stov 2961 vl 1 216 1°¥¢ Sgoudey TedTJI393T] ot
ceic cele 0081 *0 ‘0 2 L9 £°18 SOATRA UTEBR 6
S9ATBA pue STOJIU0) §

SHIT 222 006 0°98 €9 s3InI3s ISnayy 2
LSSST T964 L0661 ‘0 9°1- 8°66 0°68 sSutaesy [equin pue Jury 9
24N30NJ38 1SNayl ¢

| P25 94 | PAR R BLL681 6°¢91 0°9¥1 UOTSUa}Xy dTZZON 14
426CY 4T6CH TS¥Ce *0 °0 8°96 6°961 Jaquey) e
9807 9261 9¢L1 *0 *0 8°LL 2°6¢ a1030afuy 14
Jaquey) ISnayl 1

L zog >o.._ x0y z A x ySam way

senjaau] £itaeap 3o s133w3) y96t LeW o1 :7Ivd

ANIONT J0¥008 PINACK FOIAYAS 01104V

VIVA VILYANI GNV ALIAVYD-JO-YHINAD

¥ 3714VL

Table 4, Page 1 of 2



Report 3865-01-22

]‘ L A j
*QUT[JI}UID JUTIUD &3 VO
qeody] Jchueyd UOTIFNQWOD BYF| JO PITMICE SIYOUT (PT PIIVOOL St wilLp JVUDIBTOY o
(42T (3uled 3T
F148001] 0094001 cbh96<¢e Tequwiy ayy noyy STITJII) V2
eeres86 62EC86 [ §°} % 2 %4 S*0- £°0- 4901 ey (Ro3tdjeen. - sjueuoduoy pafequity ¢¢
009V 28¥s ct0L 190 A G 6- 88 v°9oz JOLTP XS 44
6cSe 9C1e ¥6<C v°e €°9 4°G8 9°¢1 19td ic
812946 068046 980S6CT o°i- G0 6801 povie  (HPi1d)La, - sjualcduwo] patequil, Og
12515 I 61601~ 9¢scli- 0°0 9°1I- 3°66 0°9S- Sutly [esuiy 61
938~ L86— 80~ 0°6 S 11~ C'L8 G '8¢~ 4037132y Yo3id 81
¢6STO0T| SS6966 1§27 34 74 S0~ 9°0- 47901 9°86S [(Mv i) A2l - SRUSLO..OG pafequly 4T
(aey) ured st
£428201] SCL6101 6084LLc (Teqwly dY3} o4y su13dau]) g
OP10201| £0SST01 cLS6Sc ¢’ 6°— £°601 9°4¥9 MUZ) 394 — S3U8UOUUCT pafequily ¥l
009% 2818 ¢cP0L ey r 8y AR I JELTRTXe £
Scse 9c1e $6S¢C v°e £°9 L°Gy 9°C 190 <
isjuefedodg parequiy 11
CBSTO0T| 56966 194S8VC S°0- 9°0~- 47901 9°86% [v)) AaG - spuduodwol pajequly Gl
L0G- L0S- 99¢~ 0°¢I- 0°cl 0°06 0°Le- JG3THIDY M2A 6
ce- ce- ey~ 9° 9°1 Z°16 G- 5367,00JY SV JTLO ' SUBDID;, g
ot11- o11- 06- 9°* 9°1 £° 16 0°- U] poaly PbUe uival | Z
2GT1- £81- 242 & vy 2°c 2°66 ¢~ Junlg pr2 S030M3S, 9AYA 9
L4991~ L1811~ GIST- *0 °0 0°go1 G G- Scut urtyy g
c68- 268~ 069~ b1 1 €°10 £°6- SSoUdL); [E214300Ty 1%
(AXAY b volLlli- c0661~ ‘0 9°1- 8766 gL~ SLLTIESy TTRWEL, P wUll 2
rsjuauodiio] PaTLyW sy, SSY,
556966 81£c66 60£¥9¢ 1°0~ 1°0- $°501 1°649 pr Yoo WOLLG T oddnt 1
201 Loy Xor z £ x yBrom wa ]
v 3O ¥ [uwyy
sen1au] fjavan jo saajuad)n PubT AB v Tl

(*3uod) v HI4VL

Page 2 of 2

Table 4,




Report 3865-01-22

*JutuesTO M, To4AST

JO sjuswearnbasax gesw jou
PIP aulsuy *BuUT3S83-0IpAY
Sutanp pejou syBST USSITI

‘U89 TIM

9q TTI& 2xodax sighysuR
sanTtel Of ‘ATUuo UOTYBU
-JIOJUT JIOI POPIBMIOI SBAM
q1o0dsx STIUL WILON “USOIq
axom sqgxoddns saayq aya

UO SPToM OB °PolI0q
-SIP SBM USBJOS J99T1JT
TenJ =Y3 38U} paTesa

-a1 uotqoadsur Lrquassy

* 203903 (

-ut °9y3 JO 998J °9Yq UO
}oeI0 PIeM B Pajou OSTe
uot30odsul ‘*SAISSDOXS SBM
1599 Bulanp a3eqesT ToNng

*SYTWIT UOT3BOLI
~12oads PoposdXD SATBA
quetTadoadtq Jo aBwyes

*S3TWTT UOT3edTIIoads UTYUITIM
q0u sem souruwrorad suilug

"3uoT ‘ut @/ I9Y30 |Y3} pum
‘Buor *ul T Lregeuixoxdde
ST JOBJID SUQ °"pJIem

-dn unx pur gnIgs syy Jo

os®Bq °U3 3® 3JB}S SYOBID OUY,

*SYOBJID OM] DPOTBSADI JNIIS

Inosye) 4snIyy Jo uotrsosdsug

SYIewey

9000000  IL-2HTO60

TO00000  0-692T60

2-1-9 98650

9100000 L92-6541580

9000000  L-2HT060

-V L0160

NS Nd

XIVIANS THOLMY WINTIVA

ATquessy

autduy

ATquessy
PPEER sl b Chi g i)

x0309lut
SATEBA
quettedoxdig

L1quassy
autdug

IS 4N0
-8 JSNIYT,

Pe3saT, 3I8d

G FIIVL

#T60-2 IIH

€00-rva-0T-2° 1T

TT0-Vdd-10-6"€
600~ ¥da-H0-§ "€

2c0-vda-£0-2' T

"ON 3897

f9-€e-f

n9-§T-4

g LT

9~ TT- 1

9-€T=1

n9-€T-1

278

952

ase

162

€se

2se

Tée

I3 quny

Table 5
Page 1 of 2



Report 3865-01-22

‘umopanys W e Lg uorjeINp
03S-QT PITNPAYDS B JO QEq T

+ Hmm 18 PSTBUTULIS] SBM 1S3

‘ung 299s (O°*¢ pepusijutl Jo
098 49’0 3B PIIINOD0 WSD Y

"UOTIOUNT 30U PIP 2 AJADT
SMOUSs SpJodad JO MoTAsY

‘ssouTTuUBaTY |,
ToA8T 9597 oourqdedoe josu
01 paltes siusuodwoo suilug

*g*g*q £q paystTdwod
-0®B SBM 1897 JO UMOpPINYS

‘098 JIQ°TT JO uoljBIND ®B
JIO0J UBI S99 09s-§ paInpayog

* TBUOT10UNIUOU
sem Jojoworquagod T Jaquny

SYIBWOY

2€- LIy 2g£0Te
7€~ ATV 2000.
1000000 Lg-0L2060
9000000  §L-2HT060
L000000  Lg-0.L2060

9100000 L92-65%580

NS Nd

THVINWNS JHO0dHY THNTTVA

J0%09fuT

J0%909fut
ATquassy
suiduy

LATquassy
sutduy

LTquassy
suiduy

"ATquessy

SATEA

Pag3sar 3Ted

(*3uod) ¢ FIAVI

TET-CVA-0T-2° T 7966
£€0-rva-0t-¢'1 79976
£€20-vda-£0-2'1 79-1-6
- 9-ccn
teO-vdd-£0-c°1 N 8- G
=" 19611

"ON 3S3[, 2%8(

292

T9c¢

09c

65¢e

35¢

Ls2

I2 QU]

Table 5
Page 2 of 2




Report 3865-01-22

External Dial Indicator Gage Arrangement

Figure 1
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INSTRUMENTATION LOCATIONS
FOR THE STRUCTURAL PROOF TEST
ON THE APOLLO ABLATIVE THRUST
CHAMBER ASSEMBLY PN 704663-1

f\/‘x N' Sy
High Pressure
(:) \\\\\ Test Fixture
f ! Steel
SN \ Aluminum
— ////////
N 0"
z:: * Thrust Chamber Flange
. 19" /
Ref, Y N Ref,
— .50" —
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*
.30
1
t
.50

Fibre Glass

Sketch of Dial Indicator Locations

Figure 2
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C-1290 0.015 PFusion Zone and Heat Affected Zone

(500X)

C-129 Parent Metal Adjacent to the Weld (500X)

Photomicrograph of C-129 Weld

Figure 3
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Fired 568 sec, Gas Side

C-103 Coated with NAA 85 Aluminide (750X Micrograph)

Figure 4
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Titanium

Interface

Columbium

(500X)

Micrograph of Columbium-Titanium Resistance Seam-Weld

Figure 5
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Sketch of Apollo Service Module Engine

Figure 6
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